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INTRODUCTION 
The  ma jo r  pu rpose  o f  t h i s  s t udy  i s  t o  accoun t  f o r ,  by  chemica l  and  
phys i ca l  me thods ,  t he  changes  wh ich  occu r  i n  geo log i ca l  ma te r i a l s ;  
spec i f i c a l l y  changes  r e l a t ed  t o  a l t e r a t i on  o r  r ep l acemen t  p roces se s .  
Geo log i c  a l t e r a t i on  o r  r ep l acemen t  gene ra l l y  r e su l t s  f rom r eac t i ons  o f  
m ine ra l s  w i th  componen t s  o f  a  f l u id  phase  f l owing  t h rough  t he  rock .  
Because  changes  i n  mass  and  po re  vo lumes  u sua l l y  accompany  t he  r ep l ace ­
men t s ,  s t udy  o f  a s soc i a t ed  compos i t i on  and  vo lume  changes  i s  neces sa ry  t o  
exp l a in  how t he  r ep l acemen t  ope ra t e s .  Th i s  t ype  o f  s t udy  r equ i r e s  
measu remen t  o f  phys i ca l  and  chemica l  changes  occu r r i ng  i n  a  g r ada t i ona l  
s equence  o f  rocks  unde rgo ing  r ep l acemen t ;  i n  t h i s  s t udy  ep igene t i c  
do lomi t i za t i on  o f  l imes tone .  A  ma jo r i t y  o f  pa s t  s t ud i e s  on  do lomi t i za t i on  
have  de sc r ibed  t he  na tu r e  and  d i r ec t i on  o f  t he  p roces s ,  bu t  no t  t he  ac tua l  
mass  and  vo lume  changes  wh ich  occu r r ed .  Th i s  s t udy  w i l l  u t i l i z e  a  mode l  o f  
r ep l acemen t  by  wh ich  r e l a t ed  mass  and  vo lume  changes  can  be  de t e rmined .  
Such  knowledge  w i l l  p rov ide  a  be t t e r  i n s igh t  i n to  some  a spec t s  o f  
ep i  gene t i c  do lomi t i za t i on .  
I t  i s  gene ra l l y  ag reed  t ha t  t he  ma jo r i t y  o f  do lomi t e s  owe  t he i r  o r i g in  
t o  r ep l acemen t  o f  p r e - ex i s t i ng  ca l c ium ca rbona t e  ma te r i a l .  Howeve r ,  t h e  
exac t  me thod  by  wh ich  t h i s  r ep l acemen t  occu r s  and  t he  r e l a t ed  compos i t i on -
vo lume  r e l a t i onsh ip s  a r e  s t i l l  unknown .  Ep igene t i c  do lomi t i za t i on  i s  he re  
de f ined  a s  t he  pos t -1 i t h i f i c a t i on  r ep l acemen t  o f  l imes tone ,  wh ich  p robab ly  
i nc ludes  t he  1a t e -d i agene t i c  c l a s s i f i c a t i on  o f  some  i nves t i ga to r s  
(Fa i rb r idge ,  1957 ;  F r i ed ran  and  Sande r s ,  1967 ) .  Ep igene t i c  do lomi t e s  
comr^n ly  exh ib i t  a  c ro s s - cu t t i ng  r e l a t i onsh ip  ac ros s  bedd ing  p l anes  o f  t he  
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hos t  l imes tones .  Th i s  pa r en t -daugh te r  r e l a t i onsh ip  a l l ows  s i ucy  o f  ga in s  
and  l o s se s  o f  componen t  ox ides ,  phase s  and  vo lume  changes  f o r  t he  sys t em,  
eva lua t i on  o f  t he  me thod  by  which  t he  p roces s  ope ra t e s ,  and  t o  wha t  
ex t en t  l oca l  con t ro l s ,  i f  any ,  i n f l uence  t he  p roces s .  I nves t i ga t i ons  by  
numerous  peop l e  (Landes ,  1946 ;  Hewe t t ,  1928 ;  Leve r ing ,  1949 ;  Mur ray ,  
1960 ;  Wey l ,  195Û)  have  shown  t ha t  do lomi t i za t i on  po ros i t y  changes  r ange  
f rom l a rge  i nc r ea se s  i n  some  i n s t ances  to  none  i n  o the r s  and  t o  ac tua l  
dec rea se s  i n  s t i l l  o the r s .  Usua l l y  two  me thods ,  mo le - fo r -mo le  and  
vo lume- fo r -vo lume ,  a r e  u sed  t o  de sc r ibe  t he  co lomi t i za t i on  p roces s  bu t  t hey  
do  no t  adequate ly  exp la in  t he  mass  and  vo id  vo lume  changes  a c tua l l y  
observed. However, through use of parent-daughter sample sets considered 
r ep re sen t a t i ve  o f  ep igene t i c  do lomi t i za t i on ,  measu remen t  o f  re la ted  mass  
and  po re  vo lume  changes ,  chemica l  changes  and  pé t rog raph i e  s t udy  w i l l  y i e ld  
i n t e r r e l a t ed  da t a  conce rn ing  t he  changes  a s soc i a t ed  w i th  do l cmi t i z a t i on .  
Such  an  approach  i s  unde r t aken  i n  t h i s  s t udy  and  makes  i t  pos s ib l e  t o  
exp l a in  how t he se  changes  occu r r ed .  
The  f o l l owing  s ec t i ons  w i l l  r ev i ew  compos i t i on -vo lume  r e l a t i onsh ip s ,  
ep ' !  g ene t i c  do lomi  t i z a t i  on  and  t he  p roposed  mode l  o f  a l t e r a t i on  o r  
rep lacement  proces se s .  Fo l l owing  t he se  r ev i ews  t he  sys t ems  s e l ec t ed  fo r  
s t udy ,  expe r imen ta l  me thods ,  da t a  obta ined ,  and  i n t e rp re t a t i ons  w i l l  be  
o r e sen t ed .  
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EPÎGENETIC  DOLOMITES 
Recen t  comprehensive r ev i ews  o f  mode rn  and  anc i en t  dolomites i nd i ca t e  
most moaern workers in carbonate petrology believe that mosz dolomites 
or ig ina t e  by  r ec l acemen t  o f  p r e - ex i s t i ng  ca l c ium ca rbona t e  ma te r i a l  by  
hype r sa l i ne  b r i ne :  (F r i edman  and  Sande r s ,  1967 ;  Zenge r ,  1972 ;  Ba thu r s t ,  
1971 ) .  Fo r  de t a i l ed  d i s cus s ions  o f  var ious  aspec t s  c f  t ne  do lomi t i za t i on ,  
t he  r eade r  i s  re ferred  t o  t he  above  r e f e r ences .  I n  gene ra l ,  t h r ee  t ypes  
o f  do lomi te s  a re  r ecogn ized :  
( 1 )  Syngene t i c  do lomi t e - fo rmed  e s sen t i a l l y  penecon temporaneous ly  
w i th  depos i t i on ,  gene ra l l y  cons ide red  t o  be  a  mar ine  evapo r i t e  ba s in .  
( 2 )  D iagene t i c  do lomi t e - fo rmed  by  r ep l acemen t  o f  c a l c ium ca rbona t e  
s ed imen t s  du r ing  t he  pe r iod  when  t he  s ed imen t s  a r e  be ing  conso l i da t ed .  
( 3 )  Ep igene t i c  do lomi t e - fo rmed  by  r ep l acemen t  o f  l imes tone  a long  
f au l t s ,  j o in t s ,  bedd ing  p l anes  and  o the r  p r imary  and  s econda ry  s t r uc tu r a l  
e l emen t s  l ong  a f t e r  t he  s ed imen t  i s  l i t h i f i ed .  
u sua l l y  show a  c ro s s - cu i t i ng  r e l a t i onsh ip  o f  t he  do lomi t i zed  zones  a c ro s s  
t he  o r ig ina l  l imes tone  bedd ing .  These  zones  gene ra l l y  have  g r ada t i ona l  t o  
sha rp  con t ac t s  be tween  t he  l imes tone  and  do lomi t e  wh ich  a l l ow  pa ren t -
daugh te r  s amp le  s equences  t o  be  ob t a ined  l a t e r a l l y  w i th in  t he  same  bed  and  
s e rve  a s  a  ba s i s  t o  s tudy  t he  a l t e r a t i on  p roces s .  
F r i edman  and  Sande r s  (1957 )  have  d i s cus sed  s eve ra l  unso lved  p rob l ems  
r ega rd ing  t he  r ep l acemen t  o f  ca l c ium ca rbona t e  by  do lomi t e .  They  po in t  
out  t ha t  i t  i s  no t  unde r s tood  i f  t he  do lomi t e  r ep l acemen t  occu r s  by  t he  
^  4 , i iW « V . / I  VI  I  LV LV i  I  V*  w  C i l t s r f  L*  ^  Vv ^  I  V  I  V /  I  I   ^ i 
4 
do lomi t e ,  o r  d i f fu s ion  and  i on  exchange  o f  Mg f o r  Ca  i n  t he  c ry s t a l  o r  
t he  amoun t  and  how t he  Mg i ons  a r e  i n t roduced .  Cur r en t  t h ink ing  r ega rd ing  
t he  mechan i c s  o f  do lomi t i za t i on  i nd i ca t e s  i t  may  occu r  by  one  o f  two  
me thods ;  mo lecu l e - fo r -mo lecu l e  i n  wh ich  t he  s imp le  end -member  equa t i on  o f  
Van  H i se  (1904 )  i s  r ep re sen t a t i ve ,  o r  vo lume- fo r -vo lume  i n  wh ich  no  s imp le  
o r  s i ng l e  chemica l  equa t i on  can  be  app l i ed .  A  12 .3% mass  vo lume  sh r inkage  
accompan ie s  t he  mo lecu l e - fo r -mo lecu l e  p roces s  and  was  t e rmed  "do lomi t i za t i on  
po ros i t y "  by  Van  Tuy l  ( 1916 ) ,  i n  h i s  c l a s s i c  s t udy  o f  Iowa  do lomi t e s .  Some  
geo log i s t s  be l i eve  t ha t  vo lume- fo r -vo lume  r ep l acemen t  i s  a  more  common  fo rm 
o f  do lomi  t i z a t i on  because  o f  t he  l a ck  o f  appa ren t  po ros i t y  i nc r ea se s  " in  
some  do lomi t e s  w i th  r e spec t  t o  t he  hos t  l imes tones  (Hewe t t ,  1928 ;  Twenhofe l ,  
1932 ;  S t e id lmann ,  1917 ;  Love r ing ,  1949 ) .  
Landes  (1946 )  i n  a  s t udy  o f  o i l  bea r ing  do lomi t e s  f rom Ind i ana ,  
pos tu l a t ed  t ha t  i f  t he  f r amework  o f  t he  ca rbona t e  rock  was  ma in t a ined ,  t he  
i nc r ea sed  po ros i t y  i n  ce r t a in  do lomi t e s  mus t  be  due  t o  d i f f e r ences  i n  t he  
r a t e s  o f  c a l  c i  t e  so lu t i on  and  do lomi t e  depos i t i on .  Thus  do lomi t e s  w i th  
h igh  po ros i t y  r e su l t  f rom a  g r ea t e r  l e ach ing  o f  t he  hos t  l imes tone  and  a  
l e s se r  depos i t i on  o f  do lomi t e  i n  o rde r  t o  y i e ld  a  ne t  i nc r ea se  i n  po ros i t y .  
When  t he  r a t e s  o f  l e ach ing  and  depos i t i on  a r e  t he  s ame ,  vo lume- fo r -vo lume  
r ep l acemen t  i s  a s sumed .  
1 f 4-ho mr* im+ f Is + n nm 4 f a 
produced  was  a  f unc t i on  o f  t he  ava i l ab i l i t y  o f  Mg i ons  t o  t he  sys t em and  
no t  t he  end  member  s t o i ch iome t ry  commonly  u sed  t o  exp l a in  t he  p roces s .  
I f  a  s emi - r i g id  f r amework  i s  ma in t a ined  and  con t a in s  some  i n i t i a l  po ros i t y ,  
e a r l y  do lomi t i za t i on  may  f u r t he r  i nc r ea se  t he  po ros i t y ,  bu t  con t inued  
do lomi t i za t i on  may  f i l l  t he  r ema in ing  po re  space  t o  y i e ld  a  t i gh t  low  
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po ros i t y  do lomi t e .  
Hewe t t ' s  ( 1928 )  de sc r ip t i ve  pape r  on  hyd ro the rma l  do lomi t e s ,  wh ich  
i s  s t i l l  a  c l a s s i c  i n  t h i s  a r ea ,  no t ed  t ha t  ad j acen t  t o  o r e  depos i t s  t he r e  
was  a  zone  o f  do lomi t i za t i op .  Commonly  a  na r row t r ans i t i on  zone  occu r r ed  
be tween  t he  l imes tones  and  do lomi t e s  w i th  f o s s i l s  and  o the r  p r imary  
f ea tu r e s  o f  t he  l imes tone  de s t royed ,  and  an  i nc r ea se  o f  g r a in  s i z e  and  
co lo r  changes .  Gene ra l l y  t he  do lomi t e  con t a in s  more  i r on  and  occas iona l l y  
some  add i t i ona l  manganese  r e l a t i ve  t o  t he  l imes tone .  The  po ros i t y  o f  t he  
o r ig ina l  l imes tone  and  t ha t  o f  t he  s econda ry  do lomi t e  show l i t t l e  
d i f f e r ences ,  un l e s s  subsequen t  l e ach ing  has  occu r r ed .  A l so ,  add i t i on  o f  
i r on  and  manganese  t o  t he  sys t em demons t r a t e s  t ha t  t he  p roces s  i s  no t  
s imp le ,  and  o the r  r eac t i ons  occu r  s imu l t aneous ly  w i th  do lomi t i za t i on .  
Hewe t t  a l so  no t ed  t ha t  t he  bod i e s  o f  do lomi t i zed  l imes tone  d id  no t  show 
ev idence  o f  vo lume  changes  o r  a  d i s rup t i on  o f  t he  l imes tone  bedd ing .  
F r i edman  and  Sande r s  (1967 )  r epo r t ed  on  a  s t udy  o f  f au l t - r e l a t ed  
ep igene t i c  do lomi t e s  i n  Ok lahoma  showing  t ha t  no  l a t e r a l  i nd i ca t i on  o r  
g r ada t i ona l  i nc r ea se  o f  do lomi t e  was  appa ren t  a s  t he  r ep l acemen t  f r on t  was  
app roached .  Gene ra l l y  t he  do lomi t i za t i on  ob l i t e r a t ed  t he  t ex tu r e s  
cha rac t e r i s t i c  o f  t he  hos t  l imes tone .  A l so ,  t he r e  was  a  cons i s t en t  
i nc r ea se  o f  manganese  and  magnes ium,  bu t  an  i ncons i s t en t  t r end  fo r  i r on .  
Hanshaw e^  (1971 ) ,  i n  a  s t udy  o f  t he  F lo r ida  aqu i f e r  sy s t em,  
conc luded  t ha t  ex t ens ive  do lomi t e  r ep l acemen t  o f  ca l c ium ca rbona t e  occu r s  
i n  t he  zone  o f  mix ing  be tween  f r e^h  wa te r  and  subsu r f ace  s a l i ne  wa te r s .  
Mix ing  o f  t he  s a l i ne  wa te r s  w i th  t he  po t ab l e  wa te r s  (bo th  i n  equ i l i b r i um 
wi th  ca l  c i  t e  and  do lomi t e )  can  r e su l t  i n  unde r sa tu r a t i on  o f  t he  b r ack i sh  
wa te r s  w i th  r e spec t  t o  ca l  c i  t e .  Thus  d i s so lu t i on  o f  c a l  c i  t e  can  occu r .  
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fo l l owed  by  depos i t i on  o f  do lomi t e  and  may  a ccoun t  f o r  t he  ex t ens ive  
do lomi t i za t i on  obse rved  i n  t he  b r ack i sh  wa te r  zone .  They  a l so  cons ide r  
24-
t ha t  supp ly  o f  t he  Mg '  i s  due  t o  c i r cu l a t i ng  s a l i ne  po re  wa t e r s  t h rough  
t he  rock  and  no t  t o  a  s t a t i c  po re  f l u id .  
Through  u se  o f  s chema t i c  s a l t  phase  d i ag rams  Usdowsk i  ( 1968 )  pos tu l a t ed  
t ha t  p r e - ex i s t i ng  ca l c ium ca rbona t e  r eac t s  w i th  po re  so lu t i ons  t o  fo rm 
do lomi t e .  Gene ra l l y  t he  r eac t i on  p roceeds  a s  fo l l ows :  Me ta s t ab l e  CaCO^  
wh ich  i n i t i a l l y  fo rms  i n s t ead  o f  t he  s t ab l e  do lomi t e  i n  s ea  wa te r  i s  
changed  i n to  do lomi t e  by  d i agene t i c  po re  so lu t i ons  t ha t  con t a in  abundan t  
2+ 
Mg i ons .  D i f f e r en t  amoun t s  o f  do lomi t e  a r e  fo rmed  depend ing  on  t he  
2 -  2 -
an ion  spec i e s  p r e sen t  i n  t he  po re  so lu t i ons .  I f  CO^  "  o r  SO^  ~  a r e  
p r e sen t  t he r e  i s  an  i nc r ea se  o f  mass  and  vo lume  f o r  t he  r eac t i on ,  a s  Ca  
and  Mg i ons  a r e  r ead i l y  ca r r i ed  by  so lu t i ons  con t a in ing  t he se  i ons .  On ly  
i n  a  so lu t i on  con t a in ing  C l~  i s  t he  r eac t i on  mo le - fo r -mo le .  Usdowsk i  
p roposed  t ha t  do lomi t e  can  fo rm when  a  l imes tone  con t a in ing  po re  so lu t i ons  
o f  a  g iven  Ca /Mg  r a t i o  i s  hea t ed  t o  a  h ighe r  t empe ra tu r e .  A t  h ighe r  
t empe ra tu r e s  t he  po re  f l u id s  en t e r  t he  do lomi t e  s t ab i l i t y  f i e ld  and  con ­
ve r s ion  o f  l imes tone  t o  do lomi t e  occu r s .  
Love r ing  (1969 )  i ndependen t ly  a r r i ved  a t  s im i l a r  conc lu s ions  a s  d id  
Usdowsk i  ( 1968 )  f o r  t he  fo rma t ion  o f  hyd ro the rma l  and  d i agene t i c  do lomi t e s  
by  t he  hea t i ng  o f  oo re  f l u id s  w i th  a  g iven  Ca /Mg  r a t i o  i n  r e l a t i on  t o  
t empera tu r e  changes  a s  a  means  o f  a l t e r i ng  l imes tone  t o  do lomi t e .  I n  
gene ra l  Love r ing  f e l t  t ha t  f o r  a  g iven  Ca /Mg  r a t i o  t he r e  ex i s t s  a  min imum 
t empera tu r e  c f  do lomi t e  fo rma t ion .  
Bea i e s  (1965 )  summar i zed  h i s  s t ud i e s  o f  pe l l e t a i  l imes tone  d i agenes i s  
and  showed  t ha t  do lomi t i c  va r i e t i e s  a r e  common .  The  do lomi t i za t i on  o f  
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pe l l e t a i  l imes tones  i s  marked ly  va r i ab l e ,  bu t  h igh ly  s e l ec t i ve ,  u sua l l y  
r ep l ac ing  t he  spa r ry  ca l  c i  t e  ma t r i x  f i r s t ,  t hen  p rog re s s ive ly  a l t e r i ng  
t he  en t i r e  rock .  Comple t e  do lomi t i za t i on  o f  a  pe l l e t a i  l imes tone  u sua l l y  
ob l i t e r a t e s  a l l  p r imary  f ea tu r e s  o f  t he  fo rmer  l imes tone .  Howeve r ,  Bea l e s  
d id  no t  pu r sue  any  f u r t he r  t he  mechan i sm o f  t he  s e l ec t i ve  r ep l acemen t  
demons t r a t ed  by  t he  do lomi t i za t i on  p roces s .  
I n  su rmary ,  ep igene t i c  do lomi t e  r ep l acemen t  o f  a  l imes tone  has  no t  
been  adequa t e ly  exp l a ined  i n  t e rms  o f  compos i t i on -vo lume  r e l a t i onsh ip s .  
The  concensus  o f  op in ion  i s  t ha t  s a l i ne  wa te r s  a r e  r e spons ib l e ,  bu t  t he  
mechan i sm and  exac t  i n t e r change  fo r  t he  r ep l acemen t  i s  s t i l l  unexp la ined .  
I s  t he  magnes ium exchanged  f o r  ca l c ium v i a  d i f fu s ion  wi thou t  b r eakdown  
o f  t he  p r e - ex i s t i ng  ca l c ium ca rbona t e  s t r uc tu r e  o r  i s  i t  by  so lu t i on  o f  
t he  ca l c ium ca rbona t e  and  depos i t i on  o f  t he  do lomi t e?  S tud i e s  o f  
ep igene t i c  and  hyd ro the rma l  do lomi t e s  i nd i ca t e  t ha t  a l t hough  rock  vo lumes  
o f  pa r en t  l imes tone  and  daugh te r  do lomi t e  have  no t  been  app rec i ab ly  
changed ,  t he  po ros i t y  ha s  changed .  
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COMPOSITION-vûLu .ME RELATIONSHIPS  
One  o f  t he  f i r s t  geo log i s t s  t o  add re s s  h imse l f  t o  compos i t i ona l  changes  
due  t o  a l t e r a t i on  was  Van  Hi  s e  (1904 )  i n  a  s t udy  o f  me tamorph ic  p roces se s .  
He  conc luded  t ha t  t he  chemica l  r e ac t i ons  r ep re sen t a t i ve  o f  t he  p roces se s  
occu r  on  a  mo lecu l e - fo r -mo lecu l e  ba s i s  by  wh ich  s imp le  chemica l  equa t i ons  
cou ld  be  wr i t t en  a s suming  t ha t  t he  end  member  m ine ra l s  o r  rocks  we re  t he  
on ly  pa r t i c ipan t s .  A l so ,  f rom the se  equa t i ons  t he  expec t ed  vo lume  changes  
cou ld  be  compu ted  on  t he  fo l l owing  ba s i s :  "The  vo lume  o f  t he  o r ig ina l  
compound  i s  t o  t he  vo lume  o f  t he  compound  p roduced  d i r ec t l y  a s  t he i r  
mo lecu l a r  we igh t s  and  i nd i r ec t l y  a s  t he i r  spec i f i c  g r av i t i e s " .  
In  con t r a s t  t o  t he  v i ews  o f  Van  H i se ,  L indg ren  (1912 ,  1918 ) ,  on  t he  
ba s i s  o f  numerous  pé t rog raph i e  and  f i e l d  s tud i e s  o f  o r e  depos i t s  and  t he  
a s soc i a t ed  a l t e r a t i ons ,  conc luded  t ha t  r ep l acemen t  i s  on  a  vo lume- fo r -
vo lume  ba s i s  and  t he  s imp le  end  member  equa t i ons  pos tu l a t ed  by  Van  H i se  
(1904 )  d id  no t  adequa t e ly  exp l a in  t he  ac tua l  ga in s  and  l o s se s  a s soc i a t ed  
w i L M  a  I  u c  I  a  u  I  V 1 1  .  i l l  N  I  o  i  u z >  *  v i o  u i i  i  c  u  i  c  v c i i  i c i  i  v  ^  u .  i  1 1  w  y  «  c  »  i  w c / . o »  v - o  «  c  w  
t ha t  t he  rock  vo lumes  o f  pa r en t  and  daugh te r  ma te r i a l s  r ema ined  cons t an t  
t h roughou t  t he  p roces s  and  no t  t he  mass  vo lume  ( t ha t  vo lume  occup ied  by  
ma te r i a l ) .  Thus  any  change  occu r r i ng  i n  mass  vo lume  wou ld  be  r e f l e c t ed  
by  an  a s soc i a t ed  chance  i n  t he  vo id  space  o f  t he  rock .  A l so ,  because  t he  
r ep l acemen t  p roces s  i s  a  combina t i on  o f  so lu t i on  and  depos i t i on ,  t he  
r e l a t i ve  r a t e s  o f  so lu t i on  and  depos i t i on  may  d i f f e r .  Commonly ,  s o lu t i on  
i s  cons ide red  t o  p roceed  f a s t e r  t han  depos i t i on  r e su l t i ng  i n  a  more  po rous  
ç "h v^i I r f Î1 {\ "'nHr-v^on 
R idge  ( 1 5 4 9 ,  1 2 5 1 )  demons t r a t ed  emp i r i ca l l y  t he  mass  vo lume- fo r -vo lume  
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r ep l acemen t  by  wr i t i ng  complex  chemica l  equa t i ons  t ha t  ba l ance  mo lecu l a r l y ,  
vo lume t r i ca l l y  and  e l ec t r i c a l l y .  H i s  work  showed  i t  was  pos s ib l e  t o  wr i t e  
t heo re t i c a l  equa t i ons  t ha t  de sc r ibe  t he  r ep l acemen t  proces s  and  was  
accompl i shed  by  i n t roduc ing  add i t i ona l  componen t s  on  bo th  s i de s  o f  t he  
equa t i on ,  wh ich ,  wh i l e  t ak ing  pa r t  i n  t he  r ep l acemen t ,  l e ave  no  so l i d  
ev idence  beh ind .  Because  on ly  so l i d s  a r e  ana lyzed ,  t he r e  i s  no  t r a ce  o f  
the  pa r t i c ipa t i on  by  some  i ons  o r  mo lecu l e s ,  a s  t hey  a r e  no t  a  pa r t  o f  
e i t he r  gues t  o r  hos t ,  bu t  a r e  on ly  r equ i r ed  t o  ba l ance  t he  p roces s  on  a  
stoichiometric basis.  Also, Turner and Verhoogen (1960) used the mass 
vo lume- fo r -vo lume  a s sumpt ion  i n  compu ta t i on  o f  ma te r i a l  ga in s  and  l o s se s  
due  t o  me tamorph ic  p roces se s .  
I n  r ecen t  yea r s ,  expe r imen ta l  r ep l acemen t  s t ud i e s  by  Miche l s  ( 1965 ) ,  
Tay lo r  (1965 ) ,  Ames  ( 1961 ) ,  Ga r r e l s  and  Dreye r  (1952 )  i nd i ca t e  t ha t  wh i l e  
t he  ex t e rna l  shape  o f  t he  hos t  was  gene ra l l y  p r e se rved ,  t he  po ros i t y  o f  t he  
gues t  may  have  i nc r ea sed .  Thus  i t  can  be  i n f e r r ed  t ha t  t he  mass  vo lume  
had  dec rea sed .  These  i nves t i ga to r s  conc luded  t ha t  t he  r ep l acemen t  
p roces se s  s t ud i ed  occu r r ed  by  a  complex  s t o i ch iome t ry  and  t he  l aws  o f  
chemis t ry  we re  no t  v io l a t ed .  Howeve r ,  t h e  r eac t i ons  were  no t  cha rac t e r i zed  
by  t he  s imp le  end -member  r e ac t i ons  pos tu l a t ed  by  Van  H i se  (1904 ) .  
Dur ing  s t udy  o f  na tu r a l  a l t e r a t i on  p roces se s  some  i nves t i ga to r s  have  
r e l a t i ve  d i s t r i bu t i on  wi th in  a  g iven  s amp le )  f o r  mak ing  ac tua l  ga in  and  
l o s s  compar i sons  be tween  s amp le s  o f  a  r ep l acemen t  sy s t em.  Because  o f  a  
common  l a ck  o f  t he  i n i t i a l  pa r en t  ma te r i a l ,  i t  i s  neces sary  i n  mos t  
r ep l acemen t  s t ud i e s  t o  make  some  a s sumpt ions  r ega rd ing  t he  na tu r e  o f  t he  
i n i t i a l  pa ren t  ma te r i a l .  Use  o f  g r ada t i ona l  s equences ,  r e l i c t  f ea tu r e s  
10 
and  o the r  a s sumpt ions  t o  c i r cumven t  t h i s  d i f f i cu l t y  o f  a  l a ck  o f  i n i t i a l  
ma te r i a l  ha s  y i e lded  va r ious  me thods  o f  r eca l cu l a t i ng  da t a  t o  ob t a in  
ma te r i a l  ga in s  and  l o s se s .  
Ba r th  (1948 ) ,  a s suming  t ha t  rocks  a r e  ba s i ca l l y  an  oxygen  f r amework  
w i th  ca t i ons  i n  t he  ho l e s  due  t o  t he  oxygen  pack ing ,  r e ca l cu l a t ed  h i s  
ana ly se s  on  t he  ba s i s  o f  a  cons t an t  number  o f  oxygen  a toms .  He  a s sumed  
t ha t  t he  rock  vo lume  r ema ins  cons t an t  du r ing  me ta soma t i sm ,  t he  number  o f  
oxygen  a toms  r ema ins  cons t an t ,  and  t he  rocks  gene ra l l y  con t a in  100  ca t i ons  
f o r  160  oxygen  a toms .  H i s  a s sumpt ions  i gno re  t he  f ac t  t ha t  a  cons ide rab l e  
po r t i on  o f  any  ma te r i a l  cons i s t s  o f  emp ty  space  due  t o  d i f f e r en t  a tomic  
pack ing ,  g r a in  bounda r i e s  and  vo id s .  The re fo re ,  t he  p ropo r t i on  o f  emp ty  
space  i s  l i ke ly  t o  va ry  f rom one  ma te r i a l  t o  ano the r  and  Ba r th ' s  a s sump­
t i ons  shou ld  be  app l i ed  on ly  t o  i nd iv idua l  m ine ra l s .  
Because  t he  S iO .  t e t r ahed ron  has  a  h igh  ene rgy  ba r r i e r  t o  de s t ruc t i on ,  
Po lde rvaa r t (1953 )  a s sumed  t ha t  t he  number  o f  t he se  s t r uc tu r a l  un i t s  r ema ins  
cons t an t  f o r  a  me ta soma t i c  p roces s .  He  r ecompu ted  h i s  da t a  t o  a  cons t an t  
number  o f  t e t r ahed ra .  A l so  he  r ecogn ized  t he  fo l l owing  d i s t r i bu t i on  o f  
pa r t i a l  vo lumes  i n  a  r ock :  (1 )  t he  a tom vo lume ,  ( 2 )  t he  t heo re t i c a l  emp ty  
space  r e su l t i ng  f rom the  i dea l  pack ing  o f  t he  a toms  i n  mine ra l s ,  ( 3 )  t he  
empty  space  o f  d i so rde r  and  vacanc i e s ,  and  (4 )  t he  po re  space  be tween  t he  
mine ra l  g r a in s .  Howeve r ,  h i s  compu ta t i ons  i gno re  t he  l a t t e r  two  con t r i bu ­
t i ons  t o  t he  vo lume .  
Ano the r  commonly  u sed  t e chn ique  o f  r ecompu ta t i on  i s  t he  "Alumina  
Cons t an t  Magn i tude"  u t i l i z ed  by  Go ld i ch  (1938 ) ,  Ga r r e l s  and  Mackenz i e  
(1971 )  and  Krauskop f  ( 1967 ) .  I n  t h i s  compu ta t i on  t he  a luminum con ten t  i s  
a s sumed  t o  r ema in  cons t an t  t h roughou t  a  p roces s ,  ba sed  on  obse rva t i ons  t ha t  
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a luminum i s  one  o f  t he  l e a s t  mob i l e  i ons  i n  nature. Howeve r ,  t n i s  t e chn ique  
on ly  g ive s  d i r ec t i on  and  magn i tude  o f  change  r e l a t i ve  t o  any  changes  i n  t he  
a luminum con t en t .  
O the r  i nves t i ga to r s  have  u t i l i z ed  bulk dens i t y  va lue s  a s  a  ba s i s  o f  
r ecompu ta t i ons  a s suming  t ha t  du r ing  a l t e r a t i on  t he  rock  vo lume  r ema ins  
cons t an t  (Bog lepov ,  1963 ;  L indg ren ,  1918 ;  Love r ing ,  1949 ;  Meye r s  and  Hemley ,  
1957 ;  Hemley  and  Jones ,  1954 ;  L i s i t syna ,  1965 ;  S imon  ^  ,  1969) .  Because  
an  exchange  o f  mass  may  occu r ,  t h i s  exchange  cou ld  be  accompan ied  by  changes  
i n  po ros i t y .  Thus ,  use  o f  bu lk  dens i t y  accoun t s  f o r  changes  i n  po re  space  
(considered to be a mineral phase containing zero ions).  Also, emphasis 
i s  made  t ha t  pé t rog raph i e  s t udy  be  unde r t aken  t o  a sce r t a in  i f  any  ev idence  
o f  vo lume  changes  due  t o  co l l apse  o r  compac t ion  i s  p r e sen t .  
Recen t ly ,  Gre sens  (1967 )  deve loped  a  s e t  o f  equa t i ons  t o  e s t ima te  ga in s  
and  l o s se s  i n  t e rms  o f  chemica l  ana ly se s  and  spec i f i c  g r av i t i e s  o f  
una l t e r ed  and  a l t e r ed  rocks  and  m ine ra l s .  The  on ly  r e s t r i c t i on  o f  t he se  
equa t i ons  i s  i f  "M"  d i f f e r en t  mine ra l s  a r e  t o  be  compared ,  " f l - l "  a s sump­
t i ons  o f  vo lume  o r  geochemica l  behav ior  mus t  be  made .  A l so ,  pé t rog raph i e  
s t udy  o f  t he  rocks  i nvo lved  mus t  be  made  t o  s ee  i f  t he  a l t e r a t i on  has  been  
accompan ied  by  de fo rma t ion  o r  vo lume  changes .  
Ehve l l  e ^  (1963 ) ,  i n  an  a t t emp t  t o  c i r cumven t  t he  neces s i t y  o f  
assuming  cons t an t  a lumin i a ,  out l ined  a  procedure  fo r  eva lua t i ng  ga ins  and  
l o s se s  o f  ma te r i a l  by  u se  o f  ox ide  r a t i o s  ob t a ined  f rom be fo re  and  a f t e r  
s amp le  ana ly se s .  The  r a t i o s  ob t a ined  show a  r ange  o f  va lue s ,  w i th  t he  
ex t r emes  i nd i ca t i ng  l a rge  ga in s  o r  l o s se s ,  wh i l e  a  c l u s t e r i ng  o f  two  o r  
more  r a t i o s  abou t  a  common  va lue  'R '  i s  t hen  a s sumed  t o  be  i nd i ca t i ve  o f  
min ima l  change  f o r  t hose  ox ides  du r ing  t he  proces s .  I t  i s  a  t e chn ique  by  
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wh ich  one  s eeks  ' 'Na tu re ' s  I n t e rna l  S t anda rd"  and  r e su l t s  i n  a  no rma l i zed  
ex t ens ive  compu ta t i on  o f  ga in s  and  l o s se s  f rom a  pa ren t  s amp le  mass  of  100  
g rams  t o  (100  +  100  R)  g r ams  f o r  va r ious  daugh te r  s amp le s .  
A  mu l t i t ude  of t e chn iques  ex i s t  by  wh ich  r ecompu ta t i ons  have  been  
made  f o r  e s t ima t ing  ga in s  and  l o s se s  o f  ma te r i a l  du r ing  a l t e r a t i on .  
Howeve r ,  ano the r  a spec t  o f  a l t e r a t i on  i s  how t he  obse rved  ga in s  and  l o s se s  
be tween  pa ren t  and  daugh te r  s amp le s  occu r .  I n  o the r  words  t he  p roces s  by  
wh ich  a l t e r a t i on  t akes  p l ace  i s  an  impor t an t  f a c to r  i n  s t udy  o f  a l t e r a ­
t i on .  
Love r ing  (1949 ) ,  i n  h i s  c l a s s i c  s t udy  o f  wa l l - rock  a l t e r a t i on  a s  an  
o r e  gu ide  p r e sen t ed  an  ou t l i ne  o f  r ep l acemen t  a s  a  combina t i on  o f  t h r ee  
bas" i c  chemica l  p roces se s  i nvo lv ing  (1 )  a tomic  r ea r r angemen t ,  ( 2 )  chemica l  
add i t i on ,  and  (3 ]  chemica l  sub t r ac t i on .  He  g rouped  t he se  p roces se s  i n to  
t he  fo l l owing  combina t i ons  t o  exp l a in  obse rved  changes  i n  ma te r i a l s  due  
t o  a l t e r a t i on  p roces se s :  
( 1 )  A tomic  r ea r r angemen t  a lone .  Th i s  phenomenon  i s  i l l u s t r a t ed  by  
such  changes  a s  a lpha  t o  be t a  qua r t z  and  a r agon i t e  t o  ca l  c i  t e .  
(2 )  Chemica l  add i t i on  a lone .  Th i s  i s  e s sen t i a l l y  p r ec ip i t a t i on  o f  
ma te r i a l  i n  open  spaces  and  i s  i l l u s t r a t ed  by  cemen ta t i on  o f  s ands tones .  
( 3 )  Chemica l  add i t i on  and  a tomic  r ea r r angemen t  on ly .  Th i s  combina t i on  
c f  two  p roces se s  i s  mos t  common  whe re  f l u id  phase s  r e ac t  w i th  a  so l i d  a s  
i n  t he  hyd ra t i on  o f  a  compound  t o  a  new hyd ra t e  i n  r e sponse  t o  changes  i n  
humid i ty ;  f o r  i n s t ance ,  anhyd r i t e  t o  gypsum.  
( 4 )  Chemica l  s ub t r ac t i on  on ly .  Remova l  o f  ma te r i a l  w i th  no  o the r  
r eac t i on  i s  e spec i a l l y  cha rac t e r i s t i c  o f  so lu t i ons  t ha t  depa r t  f a r  f rom 
equ i l i b r i um wi th  t he i r  wa l l  r ock .  I t  gene ra l l y  i nc r ea se s  po ros i t y  
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and  pe rmeab i l i t y .  
( 5 )  Chemica l  s ub t r ac t i on  and  a tomic  r ea r r angemen t  on ly .  Th i s  t ype  o f  
change  i s  cha rac t e r i zed  by  t he  l o s s  o f  vo l a t i l e s  w i th  t he  a t t endan t  a tomic  
r ea r r angemen t  a s  i n  t he  change  o f  gypsum t o  anhydr i t e .  Th i s  t ype  o f  
r e ac t i on  i s  p r imar i l y  a  r ead ju s tmen t  t o  d i f f e r en t  phys i ca l  cond i t i ons  
r a the r  t han  t o  changes  i n  t he  chemica l  env i ronmen t .  
( 6 )  Chemica l  s ub t r ac t i on  and  add i t i on  on ly .  Th i s  t ype  o f  r e ac t i on  i s  
i n  tv /o  f o rms  and  i s  o f  ma jo r  impor t ance  a s  t o  t he  t im ing  o f  t he  r emova l  
and  depos i t i on  o f  ma te r i a l .  
( a )  S imu l t aneous  i on  subs t i t u t i on  t ha t  may  i nvo lve  r emova l  o f  a  
pa r t i cu l a r  i on  f rom the  c ry s t a l  l a t t i c e  and  t he  add i t i on  o f  ano the r  
one  b rough t  t he r e  by  t he  so lu t i on .  
(b )  Sequen t i a l  l e ach ing  and  p r ec ip i t a t i on  t end ing  t o  p roduce  
i n i t i a l  c av i t i e s  and  t o  l a t e r  f i l l  them up  i s  one  o f  t he  ma jo r  
p roces se s  i n  r ep l acemen t .  Gene ra l l y  a s  l ong  a s  t he  l e ach ing  exceeds  
p r ec ip i t a t i on ,  t he  r ep l acemen t  may  go  fo rv / a rd .  When  t he  r eve r se  i s  
t r ue ,  t he  open ings  become  f i l l ed  and  t he  so lu t i ons  a r e  d ive r t ed  
e l s ewhe re .  
( 7 )  Sub t r ac t i on ,  add i t i on  and  a tomic  r ea r r angemen t .  The  combina t i on  
o f  t he  t h r ee  p roces se s  i s  u sua l l y  ope ra t i ve  i n  many  a l t e r a t i ons  bu t  
i n s igh t  can  be  ga ined  by  d i s t i ngu i sh ing  wh ich  i s  dominan t .  
Love r ing ' s  g roup ing  o f  t he  chemica l  p roces se s  focuse s  a t t en t i on  on  t he  t ype  
o f  chemica l  changes ,  combina t i ons  t he r eo f ,  and  co r r e spond ing  phys i ca l  
changes .  A l so ,  t he  t im ing  a spec t  o f  ga in s  and  l o s se s  o f  ma te r i a l  i s  an  
impor t an t  f e a tu r e  t o  be  aware  o f  i n  any  s t udy  o f  geo log i c  a l t e r a t i on .  I s  
a l t e r a t i on  e s sen t i a l l y  a  s imu l t aneous  r emova l  and  r edepos i t i on  o f  ma te r i a l  
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i n  t he  rock  o r  i s  i t  i n i t i a l  l e ach ing  and  subsequen t  depos i t i on  w i th in  t he  
l eached  po re s  (open  space  f i l l i ng )?  Th i s  a spec t  o f  r im ing  f o r  l e ach ing  
and  depos i t i on  b roadens  t he  scope  of  a l t e r a t i on  p roces s  s t udy  by  mak ing  i t  
pos s ib l e  t o  cons ide r  t he  c l a s s i ca l  i dea s  o f  r ep l acemen t  a s  s eve ra l  
pa r t i cu l a r  me thods  i n  a  gene ra l  s cheme  by  wh ich  ma te r i a l s  may  be  a l t e r ed .  
In  summat ion  a  mu l t i t ude  o f  a s sumpt ions  have  been  u sed  f o r  compu ta ­
t i on  o f  ma te r i a l  ga in s  and  l o s se s  du r ing  t he  s tudy  o f  r ep l acemen t  p roces se s .  
Howeve r ,  eva lua t i on  o f  t he  compos i t i on -vo lume  r e l a t i onsh ip s  i s  neces sa ry  
t o  a sce r t a in  changes  occu r r i ng  du r ing  r ep l acemen t .  A l so ,  t he  need  t o  
de sc r ibe  t he  ma te r i a l  changes  a s  a  ser i e s  of  chemica l  add i t i ons ,  sub t r ac ­
t i ons  and  a tomic  r ea r r angemen t s  i s  impor t an t  i n  t he  i n t e rp re t a t i on  o f  how 
t he  p roces s  opera te s .  Fina l l y  t he  t im ing  a spec t  o f  ma te r i a l  ga in s  and  
l o s se s  a s  e i t he r  s imu l t aneous  o r  s equen t i a l  l e ach ing  and  depos i t i on  i s  
impor t an t  i n  f i na l  eva lua t i on  o f  t he  r ep l acemen t  p roces s .  
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DEVELOPMENT OF  A WORKING MODEL FOR 
STUDY OF  REPLACEMENT PROCESSES  
I f  a  be t t e r  unde r s t andng  o f  an  a l t e r a t i on  p roces s  i s  t o  be  ob t a ined ,  
a  work ing  mode l  o f  t he  p roces s  mus t  be  f o rmu la t ed .  I n i t i a l l y ,  l e t  t he  
sys t em o f  s t udy  be  de f ined  a s  a  t o t a l  un i t  vo lume  o f  space  pa r t i t i oned  
among  t he  fo l l owing :  (1 )  a tom space ,  ( 2 )  t heo re t i c a l  po re  space  due  t o  
t he  pack ing  o f  t he  a toms ,  ( 3 )  d i so rde r  space  o f  d i s l oca t i ons  and  
vacanc i e s ,  and  (4 )  open  po re  space  (F igu re  l a ) .  Th i s  t o t a l  vo lume  i s  
cons ide red  a  "Cons t an t  Con ta ine r  Vo lume"  i n  wh ich  ma te r i a l  may be  r emoved  
o r  depos i t ed .  The  un i t  con t a ine r  vo lume  (F igu re  l a )  f o r  expe r imen ta l  
s t udy  may  be  r ep re sen t ed  by  t he  fo l l owing :  
VOLUME =  Vo lume  +  Vo lume  
LOLg ! ITÎdSS Dores 
Once  t h i s  i n i t i a l  sy s t em has  been  de f ined ,  a l t e r a t i on  occu r s  such  
t ha t  ma te r i a l  c an  en t e r  o r  l e ave  t he  vo lume  du r ing  t he  p roces s  (F igu re  l b )  
The  t o t a l  vo lume  i s  cons i ce r ea  t o  r ema in  cons t an t  t n rougnou t  t ne  p roces s  
w i th  t he  unde r s t and ing  t ha t  t he  pa r t i a l  vo lumes ,  wh ich  sum t o  t h i s  t o t a l  
vo lume ,  may  change  du r ing  a l t e r a t i on .  Thus  t he  con t a ine r  i n i t i a l l y  
con t a in s  'X '  amoun t  o f  mass  vo lume  and  'Y '  amoun t  o f  po re  vo lume  whe re  
VOLUME-- -  .  vo lume : - -  ,  
and  fo l l owing  a l t e r a t i on  t he  amoun t s  o f  mass  and  po re  vo lume  may  have  
changed  and  i s  r ep re sen t ed  a s  
Figu re  l a .  Schema t i c  d i ag ram o f  pa r t i a l  vo lume  d i s t r i bu t i ons  w i th in  u r^ t  
) n t a ine r  vo lume  and  t he  equ iva l en t  work ing  mode l  «wUl  
F i gu re  l b .  Th ree  t ypes  o f  vo lume  changes  t ha t  can  du r ing  a l t e r a t i on .  
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Gene ra l l y ,  t he  mass  and  po re  vo lumes  o f  t he  be fo re  and  a f t e r  sys t ems  a r e  
d i f f e r en t .  Howeve r ,  t he  t o t a l  vo lume  i s  cons ide red  t o  r ema in  cons t an t .  
F rom t h i s  mode l  o f  a l t e r a t i on ,  t he  en t i r e  spec t rum o f  p roces se s  can  be  
exp l a ined  r ang ing  f rom ne t  po re  f i l l i ng  (A l t e r a t i on  A ,  F igu re  l b )  t o  mass  
vo lume  for  vo lume  exchange  (A l t e r a t i on  B ,  F igu re  l b )  t o  ne t  l e ach ing  
(A l t e r a t i on  C ,  F igu re  l b ) .  A l so ,  comple t e  l e ach ing  cou ld  occu r  fo l l owed  
l a t e r  by  open  space  f i l l i ng .  Howeve r ,  u se  o f  be fo re  and  a f t e r  s ample s  
on ly  g ive s  t he  ne t  changes  f o r  any  number  o f  p roces se s  wh ich  may  have  
occu r r ed .  
Be fo re  t h i s  mode l  c an  be  app l i ed ,  t he  pé t rog raph i e  and  f i e l d  ev idence  
mus t  suppo r t  t he  Cons t an t  Con ta ine r  Vo lume  a s sumpt ion .  Seve ra l  c r i t e r i a  
by  wh ich  cons t ancy  o f  vo lume  can  be  a sce r t a ined  a r e :  
(1 )  P re sence  o f  r e l i c t  f ea tu r e s ,  i nc lud ing  pseudomorphs ,  ghos t  images  
and  fo rmer  g r a in  ou t l i ne s .  
(2) Phys i ca l  measu remen t s  and  f i e l d  ev idence  t ha t  t he  rock body  f rom 
wh ich  t he  s ample s  we re  ob t a ined  has  no t  t h i ckened  o r  t h inned  a t  t he  
ou t c rop .  
( 3 )  C i r ada t i ona l  s equences  o f  a l t e r a t i on  zones  showing  s equen t i a l  
r ep l acemen t ,  wh i l e  a  f r amework  o f  t he  sys t em has  been  ma in t a ined .  
I f  t he se  c r i t e r i a  can  be  va l i da t ed ,  t hen  t he  cons t an t  con t a ine r  vo lume  
ma \ /  ko  3  c  c  '  H  a  n  <4  i  i c  A  H f  n  y~ m  31 /  i  n  n  romn  P  C  O  ^  
be tween  s amp le  s e t s  t o  ascertain ga ins  and  l o s se s  o f  ma te r i a l .  Howeve r ,  
i f  ev idence  o f  vo lume  changes  i s  ob t a ined ,  co r r ec t i ons  fo r  t h i s  change  
mus t  be  made  p r i o r  t o  t he  compu ta t i ons .  
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METHOD OF  STUDY 
B lock  s amp le s  we re  ob t a ined  f rom seve ra l  qua r r i e s  whe re  a  pa r en t -
daugh te r  r e l a t i onsh ip  o f  l imes tone  t o  do lomi t e  ex i s t ed .  The  s amp le  
s equences  ob t a ined  s a t i s f i ed  the  fo l l owing  c r i t e r i a  fo r  app l i ca t i on  o f  t he  
mode l  t o  s tudy  o f  do lomi t i za t i on :  
(1 )  Sequences  we re  s amp led  wh ich  g r ade  l a t e r a l l y  and  con t inuous ly  
w i th in  t he  same  l i t ho log i e  un i t  f rom pa ren t  l imes tone  t o  daugh te r  do lomi t e .  
( 2 )  The  s e l ec t ed  sample s  have  a  un i fo rm t ex tu re ;  t he  b locky  and  
i r r egu l a r  t ex tu r e  cha rac t e r i s t i c  o f  mo t t l ed  do lomi t e s  we re  avo ided  because  
o f  t he  l a ck  o f  con t inuous  change  f rom l imes tone  t o  do lomi t e .  
( 3 )  The re  i s  no  appa ren t  change  i n  bed  t h i cknes s  a t  t he  sample  
l oca l i t i e s .  
F igu re  2  i s  a  f l ow  cha r t  o f  t he  va r ious  measu remen t s  ob t a ined  f o r  each  
s amp le .  I n  t he  l abo ra to ry  cy l i nd r i ca l  co re s  we re  ex t r ac t ed  by  d i amond  
co r ing  f rom the  b lock  s amp le s  f o r  u se  i n  va r ious  phase s  o f  t he  s t udy .  The  
u se  o f  co re s  i n s t ead  o f  ch ip s  o r  f r anmen t s  p rny idgs  be t t e r  s t a t i s t i c a l  
accu racy  f o r  va r ious  measu remen t s  (Wa l l ace ,  1962 ) .  A l so ,  t h in  and  
po l i shed  s ec t i ons  o f  co re s  and  ad j acen t  a r ea s  were  made  t o  de t e rmine  t he  
mine ra l  pa r agenes i s .  
Dur ing  p r e l im ina ry  s t ud i e s  i t  became  appa ren t  t ha t  f o r  be t t e r  con t ro l  
and  i n t e rna l  cons i s t ency  a s  many  measu remen t s  a s  pos s ib l e  shou ld  be  
pe r fo rmed  on  each  co re .  The re fo re ,  t he  phys i ca l  t e s t s  were  pe r fo rmed  on  
each  co re  p r i o r  t o  chemica l  t e s t s .  Phys i ca l  t e s t s  pe r fo rmed  on  t he  co re s  
i nc luded  bu lk  vo lume  measu red  by  mercu ry  d i sp l acemen t  (T i cke l l ,  1965 ) .  
Gra in  vo lume  was  de t e rmined  by  vacuum s a tu r a t i on  wi th  bo i l ed  de ion i zed  
Figu re  2 .  F low cha r t  o f  va r ious  t e s t s  and  measu remen t s  pe r fo rmed  on  each  
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w a t e r  a n d  w e i g h e d  w h i l e  s u s p e n d e d  i n  w a t e r  ( H i l l e b r a n d ,  1 9 1 9 ) .  T h e  c o r e  
i s  t h e n  d r i e d  a t  1 1 0 ° C ,  c o o l e d  a n d  a  d r y  w e i g h t  o b t a i n e d .  F r o m  t h e s e  
v a l u e s  t h e  f o l l o w i n g  v o l u m e  a n d  m a s s  p r o p e r t i e s  a r e  c o m p u t e d :  
( 1 )  B u l k  d e n s i t y  =  d r y  w e i g h t / b u l k  v o l u m e  
( 2 )  G r a i n  d e n s i t y  =  d r y  w e i g h t / g r a i n  v o l u m e  
( 3 )  P o r o s i t y  =  [ ( G r a i n  d e n s i t y  -  B u l k  d e n s i t y ) / G r a i n  d e n s i t y ]  x  1 0 0 .  
T h e  r e p r o d u c i b i l i t y  o n  d u p l i c a t e  m e a s u r e m e n t s  i s  + 0 . 0 0 3  g / c c  f o r  t h e  
d e n s i t i e s  a n d  +  0 . 0 8 %  f o r  p o r o s i t y .  T h e  m e a s u r e d  g r a i n  d e n s i t i e s  w e r e  
c h e c k e d  a g a i n s t  a  t h e o r e t i c a l  g r a i n  d e n s i t y  o b t a i n e d  f r o m  s u m m a t i o n  o f  t h e  
a n a l y z e d  C a ,  M g ,  M n  a n d  F e  c o n t e n t s  c o m p u t e d  a s  c a r b o n a t e  p h a s e s ,  a n d  
p y r i t e  a n d  a c i d  i n s o l u b l e  r e s i d u e  w h i c h  w a s  a s s u m e d  t o  b e  q u a r t z .  T h e  
m e a s u r e d  g r a i n  d e n s i t i e s  s h o w  a g r e e m e n t  o f  b e t t e r  t h a n  +  1 %  w i t h  r e s p e c t  
t o  t h e  t h e o r e t i c a l  g r a i n  d e n s i t i e s .  
B e c a u s e  o f  t h e  d e s t r u c t i v e  n a t u r e  o f  m e r c u r y  p o r o s i m e t r y  a  s e r i e s  
c o r e s  c o n s i d e r e d  r e p r e s e n t a t i v e  o f  t h e  l i m e s t o n e s ,  d o l o m i t e s  a n d  t r a n s i t i o n  
z o n e s  w e r e  s e l e c t e d .  M e r c u r y  p o r o s i m e t r y  i n v o l v e s  m e a s u r e m e n t  o f  m e r c u r y  
v o l u m e s  p u s h e d  i n t o  t h e  v o i d s  o f  a  c e r t a i n  r a d i i  r a n g e  a t  i n c r e a s i n g  
p r e s s u r e  i n c r e m e n t s .  T h e  v o l u m e  o f  i n j e c t e d  m e r c u r y  a t  e a c h  p r e s s u r e  
i n c r e m e n t  i s  a  m e a s u r e  o f  t h e  v o i d  v o l u m e  i n  t h e  s i z e  r a n g e  r e l a t e d  t o  t h e  
p r e s s u r e  c h a n g e .  T h e  i n s t r u m e n t  u s e d  i n  t h e s e  t e s t s  a l l o w e d  m e a s u r e m e n t  
o f  p o r e  e n t r y  r a d i i  s i z e s  f r o m  2 1  t o  0 . 0 5  m i c r o n s .  T h u s  o n l y  t h a t  p o r t i o n  
o f  t h e  t o t a l  v o i d  v o l u m e  w i t h i n  t h i s  s i z e  r a n g e  i s  m e a s u r e d .  B e c a u s e  t h e s e  
a r e  i n t e r c o n n e c t e d  p o r e s  a n  i n d i c a t i o n  o f  t h e  e f f e c t i v e  p o r o s i t y  i s  
o b t a i n e d  ( M i l t r o p  a n d  L e m i s h ,  1 9 5 9 ;  W a l l a c e ,  1 9 5 2 ) .  T h e  d i f f e r e n c e  b e t w e e n  
t h e  p o r o s i t y  m e a s u r e d  b y  w a t e r  s a t u r a t i o n  a n d  m e r c u r y  s a t u r a t i o n  i s  
c o n s i d e r e d  t o  b e  i n  t h e  l e s s  t h a n  0 . 0 5  m i c r o n  s i z e  r a n g e .  O n  t h e  a v e r a g e  
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a b o u t  7 5 %  o f  t h e  t o t a l  p o r o s i t y  i s  m e a s u r e d  b y  m e r c u r y  p o r o s i m e t r y .  
F o l l o w i n g  t h e  a b o v e  m e a s u r e m e n t s  t h e  c o r e s  w e r e  p o w d e r e d  a n d  m i x e d  
u s i n g  a n  a l c o h o l  g r i n d i n g  m e d i u m  i n  a  m u l l i t e  i m p a c t  m i x e r  m i l l .  C h e m i c a l  
a n a l y s e s  o f  a n  H C l  d i s s o l u t i o n  o f  w e i g h e d  p o r t i o n  o f  t h e  s a m p l e  w e r e  
p e r f o r m e d  b y  a t o m i c  a b s o r p t i o n  s p e c t r o m e t r y  ( A p p e n d i x  A ) .  T h e  e l e m e n t s  
a n a l y z e d  i n c l u d e d  C a ,  M g ,  M n ,  F e ,  A 1 ,  N a ,  K ,  S r ,  C u ,  P b ,  a n d  Z n .  A  
r e p r o d u c i b i l i t y  c h e c k  f o r  c a l c i u m ,  m a g n e s i u m  a n d  c a r b o n  d i o x i d e  c o n t e n t  
i s  l i s t e d  i n  T a b l e  1  f o r  d o l o m i t e  r e f e r e n c e  s a m p l e  N o .  4 0 0  f r o m  G .  F r e d e r i c k  
S m i t h  a n d  r e a g e n t  g r a d e  c a l c i u m  c a r b o n a t e .  T h e  c a r b o n  d i o x i d e  c o n t e n t  w a s  
e s t i m a t e d  b y  l o s s  o n  i g n i t i o n  a t  9 5 0 ° C  w i t h  c o r r e c t i o n s  f o r  o x i d a t i o n  o f  
p y r i t e ,  a s  w e l l  a s  i r o n  a n d  m a n g a n e s e s  s o l i d  s o l u t i o n  i n  t h e  c a r b o n a t e s  
( G a l l e  a n d  R u n n e l l s ,  1 9 6 0 ) .  T h e  h y d r o c h l o r i c  a c i d  i n s o l u b l e  r e s i d u e  i s  
f u r t h e r  p a r t i t i o n e d  b y  a  c o n c e n t r a t e d  n i t r i c  a c i d  l e a c h  t o  d i s s o l v e  a n y  
s u l f i d e  m i n e r a l s  t h a t  m a y  b e  p r e s e n t .  T h e  i r o n  c o n t e n t  o f  t h e  n i t r i c  a c i d  
s o l u b l e  p o r t i o n  i s  c o n s i d e r e d  a n  e s t i m a t e  o f  t h e  p y r i t e  c o n t e n t .  T h e  
r e m a i n i n g  n i t r i c  a c i d  i n s o l u b l e  r e s i d u e  i s  c o m p o s e d  p r i m a r i l y  o f  q u a r t z  
w i t h  m i n o r  a m o u n t s  o f  i l  l i t e  a s  i d e n t i f i e d  b y  X - r a y  d i f f r a c t i o n .  T h e  
s u l f a t e  c o n t e n t  w a s  m e a s u r e d  b y  t h e  m e t h o d  o f  a d d i t i o n s  u t i l i z i n g  a  
s p e c t r o p h o t o m e t r i c  b a r i u m  s u l f a t e  s u s p e n s i o n  t e s t  d e v e l o p e d  b y  H a c h  
C h e m i c a l  C o m p a n y ,  A m e s ,  I o w a .  
C a l  c i  t e  a n d  d o l o m i t e  m i n e r a l  c o n t e n t s  w e r e  d e t e r m i n e d  b y  a  q u a n t i  t a -
u  I  V  c  A "  »  Qj w  I  I  I  I  a u o i w J i  u C  V I  I I I  I  y  U C  u u i i i ^ i i i u  Q  — I  1 1  u C  y  :  C  u  .  v i  i  u i  u i  i c  
p r i n c i p a l  d - j ^  „  p e a k  o f  b o t h  m i n e r a l s .  T h e  r e p r o d u c i b i l i t y  o f  t h i s  
t e c h n i q u e  i s  +  1 . 1 %  a t  9 5 %  c o n f i d e n c e  i n t e r v a l s  ( S i m o n ,  i n  p r e p a r a t i o n ) .  
T h e  c a l  c i  t e  a n d  d o l o m i t e  v a l u e s  a r e  c o r r e c t e d  f o r  a c i d  i n s o l u b l e  r e s i d u e  
a n d  p y r i t e  c o n t e n t s .  A l l  c h e m i c a l  a n d  p h y s i c a l  d a t a  o b t a i n e d  f o r  t h e  
s a m p l e s  a r e  t a b u l a t e d  i n  A p p e n d i c e s  3  a n d  C .  
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T a b l e  1 .  R e p r o d u c i b i l i t y  o f  C a  a n d  M g  b y  a t o m i c  a b s o r p t i o n  a n a l y s i s  a n d  
C O ^  i g n i t i o n  l o s s .  V a l u e s  g i v e n  a r e  m e a n  a n d  s t a n d a r d  d e v i a t i o n s  
f o r  s i x  r e p l i c a t e  d e t e r m i n a t i o n s  
D o l o m i t e  # 4 0 0  C a  C O ^  r e a g e n t  g r a d e  
O b t a i n e d  E x p e c t e d ^  O b t a i n e d  E x p e c t e d  
C a O  3 0 . 4 0 + 0 . 1 0  3 0 . 4 7 + 0 . 0 4  5 6 . 1 0 + 0 . 1 5  5 5 . 0 3  
M g O  2 1 . 2 6 + 0 . 1 0  2 1 . 5 0 + 0 . 0 4  0 . 0 0  0 . 0 0  
C O g  4 7 . 1 8 + 0 . 1 0  4 7 . 3 8 + 0 . 0 8 ^  4 3 . 9 5 + 0 . 0 5  4 3 . 9 7  
" D i e h l  ( 1 9 6 4 ) .  
^ C a l c u l a t e d  f r o m  C a O  a n d  M g O  c o n t e n t s .  
25 
G E O L O G I C  S E T T I N G  A N D  P E T R O L O G Y  
T w o  e x a m p l e s  o f  e p i g e n e t i c  d o l o m i t i z a t i o n  w e r e  s e l e c t e d  f o r  s t u d y .  
O n e  r e p r e s e n t s  d o l o m i t i z a t i o n  o f  a  p e l o i d  l i m e s t o n e  o b t a i n e d  f r o m  t h e  
F e r g u s o n  Q u a r r y  a n d  t h e  o t h e r  d o l o m i t i z a t i o n  o f  a  l i t h o g r a p h i c  l i m e s t o n e  
f r o m  t h e  R a n d a l l  Q u a r r y .  I n  b o t h  c a s e s  c h a n g e s  e x i s t  l a t e r a l l y  a l o n g  
b e d d i n g  f r o m  p a r e n t  l i m e s t o n e  t o  d a u g h t e r  d o l o m i t e .  T h e  t e r m  p e l o i d  i s  
u s e d  i n  p r e f e r e n c e  t o  t h e  g e n e t i c  t e r m s  p e l l e t ,  o o l i t e ,  s u r f i c a l  o o l i t e ,  
e t c . ,  b e c a u s e  t h i s  t e r m  a l l o w s  r e f e r e n c e  t o  g r a i n s  c o m p o s e d  o f  m i c r o -
c y s t a l l i n e  c a l c i t e  w i t h o u t  t h e  n e e d  t o  i m p l y  a n y  m o d e  o f  f o r m a t i o n  ( F o l k ,  
1 9 5 9 ) .  T h e  f o l l o w i n g  s e c t i o n s  w i l l  i n i t i a l l y  d e s c r i b e  t h e  g e n e r a l  q u a r r y  
s e c t i o n  a n d  t h e n  a  p é t r o g r a p h i e  d e s c r i p t i o n  o f  t h e  v a r i o u s  c a r b o n a t e  r o c k s  
s a m p l e d .  F o l l o w i n g  t h e  p é t r o g r a p h i e  d e s c r i p t i o n s  w i l l  b e  a  d i s c u s s i o n  o f  
t h e  c a r b o n a t e  p h a s e  c o m p o s i t i o n s .  
F e r g u s o n  Q u a r r y  
T h e  p e l o i d  l i m e s t o n e  a n d  i t s  d o l o m i t i z e d  e q u i v a l e n t  a r e  e x p o s e d  i n  t h e  
F e r g u s o n  Q u a r r y  l o c a t e d  i n  M a r s h a l l  C o u n t y ,  I o w a ,  S e c t i o n  5 ,  T 8 2 N ,  R 1 7 W .  
T h e  e s s e n t i a l l y  f l a t  l y i n g  c a r b o n a t e  r o c k s  o f  M i s s i s s i p p i  a n  A g e  a r e  p a r t  
o f  t h e  M a y n e s  C r e e k  a n d  E a g l e  C i t y  m e m b e r s  o f  t h e  H a m p t o n  f o r m a t i o n  o f  
t h e  K i n d e r h o o k i a n  S e r i e s .  T h e  b e d s  s a m p l e d  i n  t h i s  s t u d y  o c c u r  i n  t h e  
u p p e r  p a r t  o f  t r , e  q u a r r y  f a c e ,  o v e r l y i n g  a  4 0 - 5 0  f o o t  s e q u e n c e  o f  d a r k  
g r a y  t o  b r o w n  d o l o m i t i c  l i m e s t o n e  a n d  c a l  c i  t i c  d o l o m i t e s  c o n t a i n i n g  
a b u n d a n t  f o s s i l s  a n d  c h e r t  w h i l e  r e t a i n i n g  n u m e r o u s  p r i m a r y  d e p o s i t i o n a l  
f e a t u r e s  ( S c h n e i d e r ,  1 9 5 4 ) .  S e e  F i g u r e  3  f o r  g e n e r a l i z e d  s e c t i o n  o f  t h e  
q u a r r y .  
T h e  p e l o i d  l i m e s t o n e  b e d s  f o r m  a  d i s t i n c t i v e  m a s s i v e l y  b e d d e d  l i g h t  
F i g u r e  3 ,  A  g e n e r a l i z e d  g e o l o g i c  s e c t i o n  o f  c a r b o n a t e  r o c k s  e x p o s e d  a t  t h e  
F e r g u s o n  Q u a r r y  
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FERGUSON QUARRY 
Sec. 5, T82N, RI7W 







i . i . I  
K E Y  
DOLOMITE, dark brown 
LIMESTONE, gray, dolomitic 
1'^ LIMESTONE, white, peloid 
DOLOMITE, brown, cherty 
mimM\ STYOLITIC SEAM 
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g r a y  t o  c r e a m y  w h i t e  u n i t  5 - 6  f e e t  t h i c k  c o n t a i n i n g  a  p r o m i n e n t  6 - 1 5  i n c h  
t h i c k  l a y e r  o f  g r e e n  t o  b r o w n  m e d i u m  g r a i n e d  s i l i c o u s  d o l o m i t e .  T h e  p e l o i d  
l i m e s t o n e s  s h o w  p o o r l y  d e v e l o p e d  p r i m a r y  f e a t u r e s  i n c l u d i n g  l o c a l i z e d  
c r o s s - b e d d i n g ,  v a r i a t i o n  o f  p e l o i d  s i z e s  a n d  m a c e r a t e d  f o s s i l  z o n e s .  T h e  
g r e e n  t o  b r o w n  d o l o m i t e  l a y e r  i s  b o u n d e d  a b o v e  a n d  b e l o w  b y  s t y l o l i t i c  
s e a m s .  H o w e v e r ,  a  c r o s s c u t t i n g  r e l a t i o n s h i p  o f  e p i g e n e t i c  d o l o m i t e  a n d  
p e l o i d  l i m e s t o n e  h a s  d e v e l o p e d  b e l o w  t h e  l o w e r  s t y l o l i t i c  s e a m  ( F i g u r e  3 ) .  
W h e r e  t h e  d o l o m i t i z e d  z o n e s  a r e  o b s e r v e d  t h e r e  i s  l i t t l e  o r  n o  e v i d e n c e  o f  
t h e  p r i m a r y  f e a t u r e s  a s s o c i a t e d  w i t h  t h e  l i m e s t o n e  e q u i v a l e n t  f o u n d .  I t  
i s  f r o m  t h i s  z o n e  t h a t  s a m p l e s  w e r e  c o l l e c t e d .  
P e l o i d  l i m e s t o n e  
M a c r o s c o p i c  e x a m i n a t i o n  o f  t h e  l i m e s t o n e  s h o w s  i t  t o  c o n s i s t  o f  d e n s e  
w h i t e  e l l i p s o i d a l  t o  s p h e r i c a l  p e l o i d s  i n  a  m a t r i x  o f  c l e a r  s p a r r y  c a l c i t e .  
W e a t h e r i n g  o f  t h e  l i m e s t o n e  p r e f e r e n t i a l l y  r e m o v e s  t h e  s p a r r y  c a l c i t e ,  
f r e e i n g  t h e  p e l o i d s  t o  f o r m  a  p e l o i d  s a n d  a t  t h e  b a s e  o f  t h e  o u t c r o p .  
c i-i i r* w nf rn-în an H nntTçhori corfînnc c 1 -î moc 
i s  c o m p o s e d  o f  s i l t  t o  s a n d  s i z e  c o m p o n e n t s  o f  p o o r l y  s o r t e d ,  r o u n d e d  t o  
e l l i p t i c a l  g r a i n s  a v e r a g i n g  a b o u t  0 . 4 m m ,  u s u a l l y  d e v o i d  o f  a n y  i n t e r n a l  
s t r u c t u r e ,  a n d  c o n s i s t i n g  o f  m i c r o c r y s t a l l i n e  c a r b o n a t e  m a t e r i a l  i n  a  
s p a r r y  c a l c i t e  m a t r i x  ( F i g u r e  4 ) .  O c c a s i o n a l l y  m i n o r  a m o u n t s  o f  f o s s i l  
d e b r i s  c a n  b e  o b s e r v e d .  T h e  s p a r r y  c a l c i t e  f r a m e w o r k  a b o u t  t h e  p e l o i d s  i s  
o f  a  v a r i a b l e  g r a i n  s i z e  r a n g i n g  f r o m  0 . 0 5  t o  s e v e r a l  m m .  R e l i c t  f e a t u r e s  
i n  t h e  s p a r r y  c a l c i t e  i n d i c a t i v e  o f  r e c r y s t a l 1 i z a t i o n  i n c l u d e  t r a c e s  o f  
f o r m e r  g r a i n s ,  f o s s i l s  a n d  f l o a t i n g  g r a i n s .  A l s o  t w i n n i n g  o f  t h e  s p a r r y  
c a l c i t e  w a s  o c c a s i o n a l l y  o b s e r v e d  i n  t h e  t h i n  s e c t i o n s  ( F i g u r e  5 ) .  
F i g u r e  4 .  M i c r o p h o t o g r a p h  o f  t h e  p e l o i d  l i m e s t o n e  s h o w i n g  t h e  g e n e r a l  
t e x t u r e  f o u n d .  T h e  d a r k  a r e a s  a r e  t h e  p e l o i d s  a n d  t h e  
s u r r o u n d i n g  l i g h t  a r e a s  a r e  t h e  s p a r r y  c a l  c i  t e  m a t r i x .  
T r a n s m i t t e d  p l a n e  p o l a r i z e d  l i g h t  
F i g u r e  5 .  M i  c r o p h o t o g r a p h  o f  d e f o r m a t i o n  t v n ' n s  o c c a s i o n a l l y  o b s e r v e d  i n  
t h e  s p a r r y  c a l  c i  t e  m a t r i x  o f  t h e  p e l o i d  l i m e s t o n e .  T r a n s m i t t e d  
c r o s s e d  p o l a r i z e d  l i g h t  
F i g u r e  6 .  M i c r o p h o t o g r a p h  s h o w i n g  t h e  e a r l y  s t a g e s  o f  e p i g e n e t i c  
d o l o m i t i z a t i o n .  N o t e  t h a t  t h e  d o l o m i t e  i s  s e l e c t i v e l y  
r e p l a c i n g  t h e  s p a r r y  c a l  c i  t e  m a t r i x .  T r a n s m i t t e d  p l a n e  
p o l a r i z e d  l i g h t  
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D o l o m i t e  r h o m b s  ( 1 - 2 % )  a r e  s c a t t e r e d  t h r o u g h o u t  a n d  o c c u r  i n  b o t h  t h e  
s p a r r y  c a l  c i  t e  a n d  t h e  p e l o i d s .  S o m e  o f  t h e  p e l o i d s  c o n t a i n  s p a r r y  
c a l  c i  t e  i n  t h e i r  c e n t e r s ,  o t h e r s  d o l o m i t e  r h o m b s .  A  s p a r s e  a m o u n t  
( e s t i m a t e d  a t  m u c h  l e s s  t h a n  1 % )  o f  p y r i t e  i s  i r r e g u l a r l y  d i s s e m i n a t e d  
t h r o u g h o u t .  O c c a s i o n a l l y  s m a l l  t o n g u e s  o f  r e p l a c e m e n t  d o l o m i t e  p e n e t r a t e  
i n t o  t h e  l i m e s t o n e  b e y o n d  t h e  m a j o r  d o l o m i t e  f r o n t  a l o n g  w h a t  a p p e a r  t o  b e  
m i n u t e  f a c t u r e s  o r  v e i n l e t s .  
T r a n s i t i o n  z o n e  
A t  t h e  t i m e  t h i s  s t u d y  w a s  m a d e  t h e  t r a n s i t i o n  z o n e  b e t w e e n  t h e  l i m e ­
s t o n e  a n d  d o l o m i t e  v a r i e d  i n  w i d t h  f r o m  5 0  m a c r o n s  t o  s e v e r a l  c e n t i m e t e r s .  
E a r l i e r  o b s e r v a t i o n s  o f  t h i s  z o n e  a t  v a r i o u s  s t a g e s  o f  q u a r r y  d e v e l o p m e n t  
h a v e  s h o w n  i t  t o  f o r m  g r a d a t i o n a l  z o n e s  a s  m u c h  a s  1  m e t e r  o r  m o r e  i n  w i d t h .  
I n  h a n d  s p e c i m e n s  t h i s  z o n e  a p p e a r s  a s  a  l i g h t  b r o w n  a r e a  t e x t u r a l l y  
s i m i l a r  t o  t h e  l i m e s t o n e  b e t w e e n  t h e  d a r k  b r o w n  d o l o m i t e  a n d  l i g h t  g r a y  
l i m e s t o n e .  T h i n  a n d  p o l i s h e d  s e c t i o n  s t u d y  o f  t h i s  z o n e  s h o w  i t  t o  
c o n s i s t  o f  c a l  c i  t e  p e l o i d s  i n  a  m a t r i x  o f  s p a r r y  d o l o m i t e  ( F i g u r e s  6  a n d  7 ) .  
T h e  r a n d o m l y  o r i e n t e d  d o l o m i t e  r h o m b s  ( a v e r a g e  s i z e  a p p r o x i m a t e l y  0 . 1 m m )  
a r e  o b s e r v e d  f o r m i n g  a l o n g  t h e  b o u n d a r y  b e t w e e n  t h e  s p a r r y  c a l  c i  t e  a n d  t h e  
p e l o i d s  ( F i g u r e  8 ) .  A s  t h i s  t r a n s i t i o n  z o n e  p r o g r e s s i v e l y  d e v e l o p s  
( F i g u r e  7 )  t h e  d o l o m i t e  p r e f e r e n t i a l l y  r e p l a c e s  t h e  s p a r r y  c a l c i t e  f r a m e ­
w o r k  a n d  r e s u l t s  i n  a  c o n t i n u o u s  d o l o m i t e  f r a m e w o r k  a b o u t  t h e  p e l o i d s .  A  
t e x t u r e  f o r m s  t h a t  i s  c h a r a c t e r i z e d  b y  i s l a n d s  o f  p e l o i d s  i n  a  s e a  o f  
d o l o m i t e  r h o m b s .  A s  t h e  m a i n  d o l o m i t e  z o n e  i s  a p p r o a c h e d ,  t h i s  i s l a n d - s e a  
t e x t u r e  c h a n g e s  a b r u p t l y  i n t o  a n  i n t e r l o c k i n g  m o s a i c  o f  d o l o m i t e  w h e r e  t h e  
p e l o i d s  a r e  r e p l a c e d  c e n t r i p e t a l l y  o r  b y  a  t r a n s e c t i n g  f r o n t  o f  
d o ! o m i  t i  z a t i o n .  
F i g u r e  7 .  M i c r o p h o t o g r a p h  o f  l a t e  s t a g e  t r a n s i t i o n  z o n e  a n d  t h e  f i n a l  
d o l o m i t e  s h o w i n g  t h e  r e l i c t  o u t l i n e s  o f  f o r m e r  p e l o i d s  i n  
t h e  d o l o m i t e .  T r a n s m i t t e d  p l a n e  p o l a r i z e d  l i g h t  
F i g u r e  8 .  M i c r o p h o t o g r a p h  o f  d o l o m i t e  r h o m b s  f o r m i n g  i n  t h e  b o u n d a r y  
r e g i o n  b e t w e e n  t h e  p e l o i d s  ( d a r k )  a n d  s p a r r y  c a l c i t e  m a t r i x .  
P o l i s h e d  s e c t i o n ,  v e r t i c a l  i n c i d e n t  l i g h t  

Dolomite 
T h e  d o l o m i t e  v a r i e t i e s  o b s e r v e d  i n  t h e  s a m p l e s  a r e  c o m p o s e d  o f  a  
m o s a i c  o f  f i n e  t o  m e d i u m  g r a i n e d  s u b h e d r a l  t o  e u h e d r a l  r a n d o m l y  o r i e n t e d  
d o l o m i t e  r h o m b s  u s u a l l y  o b l i t e r a t i n g  a l l  f e a t u r e s  c h a r a c t e r i s t i c  o f  t h e  
a s s o c i a t e d  p e l o i d  l i m e s t o n e .  O c c a s i o n a l l y  t h e r e  a r e  v a g u e  i n d i c a t i o n s  o f  
f o r m e r  p e l o i d s  i n  t h e  c r y s t a l l i n e  m o s a i c  b y  a  c l u s t e r i n g  o f  d u s t y  
i n c l u s i o n s  s u r r o u n d e d  b y  a  c l e a r e r  z o n e  o f  r h o m b s  ( F i g u r e  7 ) .  D e n s e  
peloids may persist  as a microcrystalline calcite body in a sea of dolomite 
a n d  a r e  s u r r o u n d e d  b y  e u h e d r a l  d o l o m i t e  r h o m b s .  O c c a s i o n a l l y  s p a r r y  c a l c i t e  
w a s  o b s e r v e d  i n  t h e  s p a c e s  b e t w e e n  t h e  d o l o m i t e  r h o m b s .  D i s s e m i n a t e d  
opaques (estimated at less than I 'O are found throughout the dolomite both 
a s  a n h e d r a l  p y r i t e  m a s s e s  a n d  e u h e d r a l  g r a i n s  b e t w e e n  r h o m b s .  O c c a s i o n a l  
s p h e r i c a l  t o  e l l i p t i c a l  v u g s  ( 0 . 2 - 0 . 4 m m ;  s u r r o u n d e d  w i t h  i n w a r d  p r o j e c t i n g  
e u h e d r a l  d o l o m i t e  r h o m b s  a r e  o b s e r v e d .  
R a n d a l l  Q u a r r y  
T H e  l i t n o g r a p m c  l i m e s t o n e  a n c  i t s  d o l o m i t i z e d  e q u i v a l e n t  a r e  e x p o s e d  
i n  t h e  R a n d a l l  Q u a r r y  l o c a t e d  i n  W o r t h  C o u n t y ,  I o w a  i n  S e c t i o n  2 3 ,  T 9 9 N ,  
R 2 0 W .  T h e s e  f l a t  l y i n g  c a r b o n a t e  r o c k s  a r e  p a r t  o f  t h e  R o c k  G r o v e  m e m b e r  
o f  t h e  u p p e r  D e v o n i a n  S h e l l  R o c k  F o r m a t i o n .  S e e  F i g u r e  3  f o r  a  g e n e r a l  
q u a r r y  s e c t i o n .  T h e  q u a r r y  f a c e  i s  p r e d o m i n a n t l y  c o m p o s e d  o f  o n e  f o o t  
t h i c k  b e d s  o f  d e n s e ,  d a r k  b r o w n  b a n d e d  m e d i u m  t o  f i n e  c r y s t a l l i n e  d o l o m i t e .  
N e a r  t h e  t o p  o f  t h e  f a c e  i s  a  b a n d  o f  l i g h t  g r a y  l i t h o g r a p h i c  l i m e s t o n e  
c o n t a i n i n g  s t r o m a t o p o r o i d s  .  W i t h i n  t h e  d o l o m i t e  t h e r e  a r e  l e n s a t i c  z o n e s  
— -(T —y*— '' 1 I-» 
^  I  i  I  v j  1  I  O  I  C L  V  l l C i l V U  I  I  I  ^  »  I  ,  .  .  ^  ^  ^  ^  ^  
d o l o m i t e  ( F i g u r e  9 ) .  W h e r e  t h e s e  l e n s a t i c  l i m e s t o n e  z o n e s  occur, commonly 
F i g u r e  9 .  G e n e r a l i z e d  g e o l o g i c  s e c t i o n  o f  c a r b o n a t e  r o c k s  e x p o s e d  i n  t h e  
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R A N D A L L  Q U A R R Y  
Sec. 23, T99N, R20W 
Worth County, Iowa 
Sampled Face 
k -7 0 feet 
1  1  1  1  1  !  
/ ^ 1  1  
y -  1  1  
1  1  
/ / /  1  
/ / / 
/ / / / / / / / / 
- 6  
- 4 
- 2 
-  0  
K E Y  
y/ 4^ d o l o m i t e ,  dark brown 
'  i  I  l imestone, l ight cream 
30-
LlJ- i-l  LIMESTONE, Strom,  reef  
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a f r a c t u r e  surface i s  v i s i b l e  b e t w e e n  t h e  l i m e s t o n e  a n d  d o l o m i t e  w h i c h  
d i d  n o t  a l l o w  s a m p l i n g  o f  a  t r a n s i t i o n  z o n e  a n d  o n l y  p a r e n t  l i m e s t o n e s  
a n d  d a u g h t e r  d o l o m i t e s  w e r e  o b t a i n e d .  W h e r e  s a i n o l e s  w e r e  o b t a i n e d  a l o n g  
t h e  q u a r r y  f a c e  t h e r e  w a s  n o  a p p a r e n t  c h a n g e  i n  t h i c k n e s s  o f  t h e  u n i t  a s  
t h e  r o c k  c h a n g e s  f r o m  l i m e s t o n e  t o  d o l o m i t e  ( F i g u r e  I C ) .  
L i m e s t o n e  
M a c r o s c o p i c a l l y  t h e  l i m e s t o n e  a p p e a r s  t o  b e  l i t h o g r a p h i c  i n  t e x t u r e  
c o n t a i n i n g  o c c a s i o n a l  f o s s i l  f r a g m e n t s .  T h i n  s e c t i o n  s t u d y  s h o w e d  t h a t  
t h e  l i m e s t o n e  i s  p r e d o m i n a n t l y  c o m p o s e d  o f  m i c r o c r y s t a l l i n e  c a l c i t e  w i t h  
varying amounts of fine grained (0.05mm) recrystallized sparry calcite and 
c o m m o n l y  t e r m e d  a  p e l m i c r i t e  ( F o l k ,  1 9 5 9 ) .  T h e  s e c t i o n s  c o m m o n l y  e x h i b i t  
a  c l o t t e d  o r  c l u s t e r e d  a p p e a r a n c e  w i t h  d i f f u s e  b o u n d a r i e s  b e t w e e n  t h e  
m i c r o c r y s t a l l i n e  a n d  f i n e  g r a i n e d  s p a r r y  c a l c i t e  ( F i g u r e  1 1 ) .  C a l  c i  s p h e r e s  
a r e  c o m m o n l y  o b s e r v e d  a n d  a l s o  o c c a s i o n a l  d e t r i t a l  s i l t - s i z e d  g r a i n s  o f  
q u a r t z .  
D o l o m i  t e  
T h e  d e n s e  d o l o m i t e  s h o w s  a  poorly d e v e l o p e d  c o l o r  b a n d i n g  p a r a l l e l  t o  
t h e  b e d d i n g  i n  t h e  q u a r r y  a n d  i s  c o m p o s e d  o f  f i n e  t o  m e d i u m  g r a i n e d  
d o l o m i t e .  M i c r o s c o p i c a l l y  t h e  d o l o m i t e  i s  a n  i n t e r l o c k i n g  m o s a i c  o f  m e d i u m  
^ A 9 s \ f o 3 r-C) rv*\/çrp1ç Tk o 
d o l o m i t e  crystals c o m m o n l y  s h o w  a  z o n a l  r e l a t i o n s h i p  w i t h  a n  i n t e r i o r  o f  
d u s t y  i n c l u s i o n s  s u r r o u n d e d  b y  a  c l e a r  r i m  z o n e  ( F i g u r e  1 2 ) .  R e l i c t  
f e a t u r e s  a r e  o c c a s i o n a l l y  o b s e r v e d  a n d  i n c l u d e  c a l  c i  s p h e r e  g h o s t s  a n d  d u s t y  
r e g i o n s  r e m i n i s c e n t  o f  t h e  c l o t t e d  a p p e a r a n c e  o f  t h e  l i m e s t o n e .  ( C o m p a r e  
F i g u r e s  1 1  a n d  1 2 ) .  L i t t l e  t o  n o  p o r o s i t y  i s  o b s e r v e d  a n d  t h e  s e c t i o n s  
F i g u r e  1 0 .  S k o t c f i  o f  t h e  R a n d a l l  Q u a r r y  f a c e  w h o r e  s a m p l e s  w e r e  o b t a i n e d  f o r  s t u d y  o f  d o l o i i i i t i z a t i o n  




S D o  l o m i t e  r~r m  Li mestone 
F i g u r e  1 1 .  M i c r o p h o t o g r a p h  o f  l i t h o g r a p h i c  l i m e s t o n e  ( p e l m i c r i t e )  f o u n d  
a t  t h e  R a n d a l l  Q u a r r y .  T r a n s m i t t e d  p l a n e  p o l a r i z e d  l i g h t  
F i g u r e  1 2 .  M i c r o p h o t o g r a p h  o f  d o l o m i t e  s h o w i n g  r e l i c t  f e a t u r e s  a n d  
i n t e r l o c k i n g  t e x t u r e  c h a r a c t e r i s t i c  o f  d o l o m i t e s  f o u n d  a t  t h e  
R a n d a l l  Q u a r r y .  T r a n s m i t t e d  p l a n e  p o l a r i z e d  l i g h t  
F i g u r e  1 3 .  L a t e  t r a n s i t i o n  s t a g e  w h e r e  a  f l o a t i n g  r h o m b  t e x t u r e  i s  b e i n g  
c o n v e r t e d  t o  a  b r i d g i n g  f r a m e w o r k .  T r a n s m i t t e d  p l a n e  p o l a r i z e d  
l i g h t  




g e n e r a l l y  a p p e a r  t o  b e  a  c o m p l e t e l y  i n t e r l o c k i n g  m o s a i c  o f  a n h e d r a l  
d o l o m i t e  g r a i n s .  
B e c a u s e  n o  t r a n s i t i o n  z o n e  w a s  a v a i l a b l e ,  t h e  e x a c t  o a r a g e n e s i s  o f  h o w  
t h e  l i m e s t o n e  i s  d o l o m i t i z e d  i s  n o t  w e l l  d o c u m e n t e d .  S a m p l e s  c o l l e c t e d  
o n  e i t h e r  s i d e  o f  t h e  s h a r p  c o n t a c t  b e t w e e n  t h e  l i m e s t o n e  a n d  d o l o m i t e  
w e r e  s t u d i e d  a n d  i n d i c a t e  t h a t  t h e r e  i s  a  l - 5 m m  z o n e  w h e r e  a  f l o a t i n g  
r h o m b  t e x t u r e  w a s  d e v e l o p e d  ( F i g u r e  1 3 ) .  D o l o m i t e  r h o m b s  i n  t h i s  z o n e  a r e  
s u r r o u n d e d  b y  m a c r o c r y s t a l l i n e  c a l  c i  t e ,  z o n e d  a n d  s t a i n e d  w i t h  i r o n  o x i d e s .  
S u m m a r y  o f  P e t r o g r a p h y  
T w o  t y p e s  o f  l i m e s t o n e  w i t h  c o n t r a s t i n g  t e x t u r e s  b e i n g  r e p l a c e d  b y  
d o l o m i t e  w e r e  o b t a i n e d .  T h e  s a m p l e s  f r o m  t h e  F e r g u s o n  Q u a r r y  a r e  g r a d a -
t i o n a l  f r o m  a n  p e l o i d  l i m e s t o n e  t h r o u g h  a  t r a n s i t i o n  z o n e  i n t o  t h e  d o l o m i t e .  
S t u d y  o f  t h e s e  s a m p l e s  a l l o w s  f o r  a  p a r a g e n e s i s  t o  b e  d e t e r m i n e d  i n  w h i c h  
t h e  d o l o m i t e  s e l e c t i v e l y  r e p l a c e s  t h e  s p a r r y  c a l c i t e  m a t e r i a l  w h i l e  
m a i n t a i n i n g  t h e  f r a m e w o r k  a n d  f i n a l l y  t h e  p e l o i d s .  C o m m o n l y  t h e  d o l o m i t e  
T h e  R a n d a l l  Q u a r r y  s a m p l e s  a r e  r e p r e s e n t a t i v e  o f  p a r e n t  l i t h o g r a p h i c  
l i m e s t o n e  a n d  d a u g h t e r  d o l o m i t e .  S t u d y  o f  t h e s e  s a m p l e s  s h o w  t h a t  t h e  
l i m e s t o n e  i s  p r e d o m i n a t e l y  c o m p o s e d  o f  m i c r o c r y s t a l 1 i n e  c a l c i t e  w i t h  
v a r i o u s  d e g r e e s  o f  r e c r y s t a l 1 i z a t i o n  a n d  a  c l o t t e d  a p p e a r a n c e .  T h e  
d o l o m i t e s  a r e  d e n s e  a n d  e x h i b i t  d u s t y  i n c l u s i o n s  r e m i n i s c e n t  o f  t h e  c l o t t e d  
n a t u r e  o f  t h e  l i m e s t o n e s .  
P a r a g e n e s i s  o f  F e r g u s o n  Q u a r r y  S a m p l e s  
T h e  p é t r o g r a p h i e  s t u d y  o f  t h e  l i m e s t o n e ,  d o l o m i t e  a n d  t r a n s i t i o n  
z o n e s  s h o w  t h a t  t h e  p e l o i d  l i m e s t o n e  d o l o m i t i z e s  v i a  a  t r a n s i t i o n  z o n e  
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w h e r e  t h e  s p a r r y  c a l  c i  t e  m a t r i x  i s  s e l e c t i v e l y  r e p l a c e d  b y  d o l o m i t e  w h i l e  
m a i n t a i n i n g  t h e  f r a m e w o r k  c h a r a c t e r i s t i c  o f  t h e  o r i g i n a l  l i m e s t o n e  t e x t u r e .  
A s  d o l o m i t i z a t i o n  p r o c e e d s  b y  r e p l a c i n g  t h e  p e l o i d  b o d i e s  i t  u s u a l l y  
d e s t r o y s  a  v a s t  m a j o r i t y  o f  t h e  o r i g i n a l  l i m e s t o n e  t e x t u r e .  H o w e v e r ,  t h e  
d o l o m i t e  p h a s e  d o e s  d i s p l a y  a  f e w  r e c o g n i z a b l e  r e l i c t  f e a t u r e s  o f  t h e  
o r i g i n a l  l i m e s t o n e .  T h e s e  r e l i c t  t e x t u r e s  a r e  i n f e r r e d  b y  a n  o c c a s i o n a l  
u n r e p l a c e d  d e n s e  p e l o i d  r e m a i n i n g  i n  t h e  d o l o m i t e ,  a  c l u m p i n g  o f  d u s t y  
i n c l u s i o n s  s u r r o u n d e d  b y  c l e a r  d o l o m i t e  a n d  o c c a s i o n a l  v u g s  i n  s i z e  r a n g e  
s i m i l a r  t o  t h e  o v o i d s .  T h u s  i t  i s  a s s u m e d  t h a t  t h e  d o l o m i t i z a t i o n  h a s  
m a i n t a i n e d  t h e  o r i g i n a l  f r a m e w o r k  o f  t h e  l i m e s t o n e  a n d  t h e  u n i t  c o n t a i n e r  
v o l u m e  c o n c e p t  o f  r e p l a c e m e n t  f o r  c o m p u t i n g  g a i n s  a n d  l o s s e s  o f  m a t e r i a l  
c a n  b e  a p p l i e d .  A l s o  n o  a p p a r e n t  v o l u m e  c h a n g e s  a s  d e t e r m i n e d  f r o m  
v a r i a t i o n s  i n  b e d  t h i c k n e s s e s  w e r e  o b s e r v e d  a t  t h e  q u a r r y  d u r i n g  s a m p l e  
c o l l e c t i o n .  
P a r a g e n e s i s  o f  R a n d a l l  Q u a r r y  S a m p l e s  
T h e  l a c k  o f  g o o d  t r a n s i t i o n  z o n e s  o f  a d e q u a t e  w i d t h  s u i t a b l e  f o r  s t u d y  
4 . U4 ^  U c  û  v->\ f  a " i  r \ n  n - P  + "  n  a  o v p r -T  moTnnr i  h \ /  t op  
l i m e s t o n e  i s  r e p l a c e d  b y  d o l o m i t e .  S e v e r a l  s a m p l e s  s t u d i e d  a l o n g  t h e  s h a r p  
c o n t a c t  b e t w e e n  t h e  t w o  p h a s e s  i n d i c a t e d  t h a t  t h e  d o l o m i t i z a t i o n  m a y  b e  
v i a  a  f l o a t i n g  r h o m b  t y p e  o f  t r a n s i t i o n  ( F i g u r e  1 3 ) .  B e c a u s e  o f  i n a d e q u a t e  
p é t r o g r a p h i e  e v i d e n c e  f o r  t h e  m a i n t a i n i n g  o f  a  f r a m e w o r k  t h r o u g h  a  t r a n s i ­
t i o n  z o n e ,  u s e  o f  t h e  u n i t  c o n t a i n e r  v o l u m e  m o d e l  f o r  g a i n s  a n d  l o s s e s  i s  
b a s e d  o n  f i e l d  e v i d e n c e  o f  n o  a p p a r e n t  c h a n g e  i n  b e d d i n g  t h i c k n e s s e s  a t  t h e  
s a m p l i n g  s i t e .  I n  a d d i t i o n ,  t h e r e  a r e  o c c a s i o n a l  r e l i c t  f e a t u r e s ,  s u c h  a s  
d u s t y  a n d  c l o u d y  g r a i n s ,  p r e s e r v e d  i n  t h e  d o l o m i t e s  s u g g e s t i v e  o f  t h e  
f o r m e r  p e l m i c r i t e  t e x t u r e  o f  t h e  l i t h o g r a p h i c  l i m e s t o n e .  
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C o m p o s i t i o n  o f  t h e  C a r b o n a t e  P h a s e s  
D u r i n g  X - r a y  e x a m i n a t i o n  o f  t h e  s a m p l e s  i t  w a s  o b s e r v e d  t h a t  t h e  
c a l  c i  t e s  a n d  d o l o m i t e  d i f f r a c t i o n  p e a k s  w e r e  s l i g h t l y  s h i f t e d  f r o m  t h e  
s p a c i n g s  d e s c r i b e d  i n  t h e  A S T M  f i l e s .  T h e s e  l a t t i c e  s h i f t s  a r e  a t t r i b u t e d  
t o  d e v i a t i o n s  f r o m  t h e  i d e a l  s t o i c h i o m e t r y  b y  t h e  s a m p l e .  T h e  o r d e r i n g  
p e a k s  ( 1 0 . 1 ,  0 1 . 5  a n d  0 2 . 1 )  f o r  t h e  d o l o m i t e s  w e r e  o b s e r v e d  i n  X - r a y  
t r a c e s ,  t h o u g h  s l i g h t l y  d i m i n i s h e d  i n  h e i g h t  ( G o l d s m i t h  a n d  G r a f ,  1 9 5 8 b ) .  
T h u s  t h e  d o l o m i t e s  a r e  c o n s i d e r e d  t o  b e  o r d e r e d  s t r u c t u r e s .  I n  o r d e r  t o  
e s t i m a t e  t h e  d e p a r t u r e  o f  n o n i d e a l i t y  b y  t h e  c a r b o n a t e  m i n e r a l s ,  s t e p -
s c a n i n g  a t  0 . G 1 ° 2 8  a c r o s s  t h e  ( 0 0 . 6 )  p e a k  w a s  p e r f o r m e d ,  i n  a n  e f f o r t  t o  
m e a s u r e  t h i s  s p a c i n g  s h i f t .  F r o m  t h i s  v a l u e  C ^  s p a c i n g s  w e r e  c a l c u l a t e d  
a n d  t h e  m a c h i n e  e r r o r  c o r r e c t e d  a g a i n s t  R e a g e n t  G r a d e  C a C O .  m e a s u r e m e n t s .  
T h e s e  v a l u e s  a r e  t a b u l a t e d  i n  T a b l e  2  a l o n g  w i t h  t h e  e s t i m a t e d  m o l e %  
M g C O g  i n  t h e  c a r b o n a t e  s t r u c t u r e  a s  d e t e r m i n e d  f r o m  v a l u e s  o f  C  v e r s u s  
M g C O g  d a t a  g i v e n  i n  G o l d s m i t h  a n d  G r a f  ( 1 9 5 8 a )  a n d  G o l d s m i t h  ^  ( 1 9 6 1 ) .  
F e r g u s o n  Q u a r r y  s a m p l e s  
M e a s u r e d  C  s p a c i n g s  o f  t h e  c o m p o s i t e  l i m e s t o n e  s a m p l e s  f r o m  t h i s  
q u a r r y ,  c o m p o s e d  o f  t h e  p e l o i d s  a n d  s p a r r y  c a l  c i  t e  p h a s e s ,  s h o w  t w o  d i s t i n c t  
c o m p o s i t i o n s .  T h e s e  c o m p o s i t i o n s  a r e  ( 1 )  0 . 0 - 0 . 5  M o l e  «  M g C O ^  a n d  ( 2 )  2 . 0 -
2 . 5  M o l e  %  M g C O ^ -  H a n d  s e p a r a t i o n  o f  t h e  p e l o i d  b o d i e s  f r o m  t h e  s p a r r y  
c a l  c i  t e  m a t r i x ,  d e m o n s t r a t e d  t h a t  t h e  2 . 0 - 2 . 5  M o l e  «  M g C O g  p h a s e  w a s  
a s s o c i a t e d  w i t h  t h e m ,  a n d  i t  i s  a s s u m e d  t h a t  t h e  s p a r r y  c a l  c i  t e  i s  t h u s  
t h e  0 . 0 - 0 . 5 %  p h a s e .  L a t t i c e  s p a c i n g  m e a s u r e m e n t s  o f  t h e  d o l o m i t e  p h a s e s  
4r»/-ÎT/^p+'û tm_ v^-T Ç Tk q MrtPH /T* 4- o r\ 4- P 
1  I  W i l l i  ^  e  i i l N a »  I I  L »  I  I I  
d a t a  f o r  o r d e r e d  d o l o m i t e s  s h o w  a  r a n g e  f r o m  4 5 - 4 7  M o l e  %  M g C O ^  f o r  t h e  
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T a b l e  2 .  X - r a y  l a t t i c e  s p a c i n g s  a n d  M g C O .  m o l e  f r a c t i o n s  f o r  s e l e c t e d  
s a m p l e s  f r o m  b o t h  q u a r r i e s  
L i m e s  *  U i ; >  t  t e  
S a m p l e  r  s  
" o  
M g C O g ^  M g C O ^ b  
F e r g u s o n  Q u a r r y  
c /  / O  
1 3 - 1  1 7 . 0 1 9  
1 7 . 0 4 8  
2 . 0  
0 . 5  
1 6 . 1 1 4  4 6 . 5  
1 3 - 2  1 7 . 0 3 0  
1 7 . 0 6 2  
2 . 5  
0 . 0  
1 6 . 1 0 5  4 6 . 6  
1 3 - 5  1 7 . 0 0 9  
1 7 . 0 5 7  
2 . 4  
0 . 3  
1 6 . 1 1 4  4 6 . 5  
1 3 - 6  1 7 . 0 2 0  
1 7 . 0 5 5  
1  . 9  
0 . 3  
1 6 . 1 1 0  4 6 . 6  
1 3 - 7  1 7 . 0 1 5  
1 7 . 0 5 3  
2 . 1  
0 . 4  
1 6 . 1 1 8  4 6 . 3  
1 3 - 8  1 7 . 0 1 0  
1 7 . 0 6 0  
2 . 4  
0 . 1  
1 6 . 1 0 8  4 6 . 7  
O o l i  t e s  1 7 . 0 2 0  
1 7 . 0 0 9  
2 . 0  
2 . 4  
R a n d a l l  Q u a r r y  
R 4 A  1 7 . 0 3 6  1  . 2  
R 4 B  1 7 . 0 3 5  1  . 2  
R 5 A  1 7 . 0 4 2  0 . 9  
R 5 B  1 7 . 0 5 0  0 . 0 5  
R 4 C  1 6 . 1 1 0  4 6 . 6  
R 4 D  1 6 . 0 8 6  4 7 . 4  
R 5 C  1 6 . 1 1 2  4 6 . 5  
R 5 D  1 6 . 1 0 8  4 6 . 7  
R I D L  1 7 . 0 5 0  0 . 5  
R I D D  — 1 6 . 1 1 5  4 6 . 4  
^ M a c h i n e  e r r o r  c o r r e c t e d  a g a i n s t  r e a g e n t  g r a d e  c a l  c i  t e .  
^ F r o m  v a l u e s  f  
1 9 5 8 a ) .  
o r  c a l  c i  t e  a n d  o r d e r e d  d o l o m i t e s  ( G o l d s m i t h  a n d  G r a f ,  
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d o l o m i t e s  ( G o l d s m i t h  a n d  G r a f ,  1 9 5 8 a ) .  
T h e  C a ,  M g ,  F e ,  M n  c h e m i c a l  d a t a  f o r  a l l  s a m p l e s  f r o m  t h e  q u a r r y  a r e  
f i t t e d  b y  a  l e a s t  s q u a r e s  m e t h o d  a g a i n s t  b o t h  t h e  c a l c i t e  a n d  d o l o m i t e  
c o n t e n t s ,  d e t e r m i n e d  b y  q u a n t i t a t i v e  X - r a y  d i f f r a c t i o n .  E x t r a p o l a t i o n  o f  
t h e  f i t s  t o  0 . 0  g / u n i t  v o l u m e  c a l c i t e  a n d  d o l o m i t e  v a l u e s  a r e  u s e d  a s  a n  
e s t i m a t e  o f  t h e  o v e r a l l  c o m p o s i t i o n  o f  d o l o m i t e  a n d  c a l c i t e ,  r e s p e c t i v e l y .  
T h i s  d a t a  i s  t a b u l a t e d  i n  T a b l e  3  a l o n g  w i t h  t h e  s t a n d a r d  d e v i a t i o n s  f o r  
t h e  y - a x i s  i n t e r c e p t  v a l u e s .  F o r  t h e  F e r g u s o n  Q u a r r y  t h e  a v e r a g e  c o m p o s i ­
t i o n s  o f  t h e  c a r b o n a t e s  a r e :  
L i m e s t o n e  -  ( C a Q . g g i M g Q , 0 1 7 ^ ^ 0 . 0 0 2 ^ " 0 . 0 0 0 6 )  ^ ^ 3  
D o l o m i t e s  -  ( C a g ^ g ^ i M g Q ^ ^ ^ s ' ^ ^ O . O Z l ^ ^ O . O O Z ^  ^ ° 3  
T h e s e  v a l u e s  a r e  i n  g o o d  a g r e e m e n t  w i t h  t h e  n o n i d e a l i t y  o f  t h e  c a r b o n a t e  
s t r u c t u r e s  i n d i c a t e d  b y  X - r a y  d i f f r a c t i o n  m e a s u r e m e n t s  o f  s h i f t s .  
R a n d a l l  Q u a r r y  s a m p l e s  
T h e  l i m e s t o n e  s a m p l e s  f r o m  t h i s  q u a r r y  s h o w  o n l y  a  s i n g l e  C  l a t t i c e  
s p a c i n g  c o r r e s p o n d i n g  t o  a n  0 . 5 - 1 . 0  M o l e  %  M g C O g  s o l i d  s o l u t i o n .  T h e  
d o l o m i t e s  a r e  c a l c i u m - r i c h  a n d  h a v e  C g  s p a c i n g s  c o r r e s p o n d i n g  t o  a  M g C O ^  
r a n g e  o f  4 6 . 5 - 4 7 . 5  M o l e  % .  E x t r a p o l a t e d  c h e m i c a l  d a t a  y i e l d e d  t h e  
f o l l o w i n g  a v e r a g e  v a l u e s  o f  t h e  m o l a r  c o m p o s i t i o n s  o f  t h e  c a r b o n a t e  p h a s e s  
f o r  t h e  R a n d a l l  Q u a r r y :  
L i m e s t o n e  -  ( C a Q _ g g 2 ^ ' 9 Q . 0 0 6 ' ^ ® 0 . 0 0 2 ^ ^ 0 . 0 0 0 2 ^  ^ ° 3  
D o l o m i t e s  -  ( C a o ^ g g g M g g ^ ^ ^ g F e Q ^ o Q g M n o Q g o g )  C O ^  
I n  t h i s  q u a r r y  t h e  i r o n  a n d  m a n g a n e s e  s o l i d  s o l u t i o n  i s  i n s i g n i f i c a n t  f o r  
t h e  s a m p l e s  s t u d i e d .  
4 7 a  
T a b l e  3 .  R e g r e s s i o n  e x t r a p o l a t i o n s  f o r  a v e r a g e  c o m p o s i t i o n  o f  c a l  c i  t e  
a n d  d o l o m i t e  f r o m  b o t h  q u a r r i e s  
C l e m e n t  i T . i ' ,  _  2  S . u .  M ô l e  %  i  2  S . D .  
F e r g u s o n  Q u a r r y  -  C a l  c i  t e  
Ca 25 .1Gu ± 0 .234  0 .981 ±  0 .0092 
Mg 0 .429  ± 0 .118  0 .017 ± 0 .0046 
Fe 0 .052  ± 0 .038  0 .002 ±  0 .0014 
Mn 0 .015  ± 0 .004  0 .0006 ±  0 .0002 
F e r g u s o n  Q u a r r y  -  D o l o m i t e  
C a  14.741 ± 0 .172  0 . 5 4 1  ±  0 . 0 0 6 0  
Ma 11 .892 ± 0 .166  0 .436  ± 0 .0060 
Fe 0 .566  = 0 .042  0 .021 ±  0 .0016 
Mn 0 .053  ± 0 .004  0 .002 ± 0 .0002 
R a n d a l l  Q u a r r y  -  C a l  c i  t e  
Ca 24 .957 ±  0 .404  0 .992 ± 0 .0160 
Mo 0 .135  ± 0 .094  0 .006 ± 0 .0038 
Fe 0 .042  ± 0 .030  0 .002 ± 0 .0012 
Mn 0 .004  ± O.OOo 0 .0002 ± 0 .0004 
R a n d a l l  Q u a r r y  -  D c l c m i t e  
Ca 15 .328 ± 0 .154  0 .539 ± 0 .0108 
•  1  o  o o n  -  n  T O O  n  / t c c  a -  n  n n o n  
F e  0 . 1 5 1  ±  0.017 0 . 0 0 5  ±  0.0012 
Mr. 0.009 ± 0.003 0.0003 ± 0.0002 
S u m m a r y  
T h e  l i m e s t o n e s  o f  t h e  F e r g u s o n  Q u a r r y  a r e  c o m p o s e d  o f  t v ; o  d i s t i n c t  
t y p e s  o f  c a l  c i  t e ;  a  2 - 2 . 5 : .  M p C O ?  c a l  c i t e  c h a r a c t e r i s t i c  o f  t h e  p e l o i d s  a n d  
a  0 . 0 - 0 . 5 %  M g C O g  c a l  c i  t e  c h a r a c t e r i s t i c  o f  t h e  s p a r r y  c a l  c i  t e  m a t r i x .  T h e  
d o l o m i t e s  a r e  c a l c i u m - r i c h  a n d  s h o w  s o m e  s o l i d  s o l u t i o n  o f  i r o n  a n d  
m a n g a n e s e .  T h o u g h  t ^ e s e  a r e  c o n s i d e r e d  r . o n s t o i c h i o m e t r i c  c a r b o n a t e s  t h e y  
_ 1 ^ ^ y. ^ — fy -C c T V^1 T 
Q l J  i I  C  V j i  w i C i  I  « w i  I  I  :  I C * .  I  V  O i  
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T h e  l i m e s t o n e s  o f  t h e  R a n d a l l  Q u a r r y  a r e  c o m p o s e d  o f  o n e  c a l  c i  t e  t y p e  
w i t h  0 . 5 - 1 . 5 : .  M g C G ^  i n  s o l i d  s o l u t i o n .  A l s o ,  t n e  d o l o m i t e s  a r e  c a l c i u m -
r i c h  w i t h  o n l y  t r a c e  a m o u n t s  o f  i r o n  a n d  m a n g a n e s e  s u b s t i t u t i o n .  A g a i n  
t h e  c a r b o n a t e s  s t u d i e d  s h o w  t h e  o r d e r  r e f l e c t i o n s  i n d i c a t i v e  o f  o r d e r e d  
c a r b o n a t e  s t r u c t u r e s .  
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P R E S E N T A T I O N  O F  E X P E R I M E N T A L  D A T A  
I n  o r d e r  t c  h a v e  b e t t e r  c o n t r o l  a n d  i n t e r n a l  c o n s i s t e n c y  o f  t h e  
m e a s u r e c  v a l u e s  f o r  e a c h  c o r e ,  a s  m a n y  m e a s u r e m e n t s  a s  p o s s i b l e  w e r e  
p e r f o r m e d  o n  e a c h  i n d i v i d u a l  c o r e .  T h e  e x p e r i m e n t a l  d a t a  o b t a i n e d  i s  
c o n s i d e r e d  c n a r a c t e r i s t i c  o f  e a c h  c o r e  a n d  n o t  t h e  w h o l e  b l o c k  s a m p l e .  
T h u s  a  v a r i a t i o n  o f  d a t a  e x i s t s  f r o m  c o r e  t o  c o r e  a n d  i s  c o n s i d e r e d  t o  
r e f l e c t  t h e  h e t e r o g e n i e t y  o f  t h e  s y s t e m  c a u s e d  b y  l o c a l  e n v i r o n m e n t a l  
c o n t r o l .  T h e  r e l a t i o n s h i p  o f  m a s s  a n d  v o i d  p a r t i a l  v o l u m e s  t o  t h e  c h e m i c a l  
d a t a  p r o v i d e  t h e  e v i d e n c e  f o r  t h e  v a r i a t i o n s  t h a t  e x i s t s  b e t w e e n  c o r e s .  
T h i s  s e c t i o n  w i l l  p r e s e n t  t h e  v o i d  v o l u m e  d a t a  r e l a t i o n s h i p s  f o r  e a c h  
q u a r r y  f o l l o w e d  b y  t h e  c h e m i c a l  d a t a  a n d  c o m p u t a t i o n  o f  g a i n s  a n d  l o s s e s  o f  
m a t e r i a l  w i t h i n  t h e  u n i t  c o n t a i n e r  v o l u m e .  
V o i d  V o l u m e - P o r e  R a a i i  R e l a t i o n s h i p s  
A  c r i t i c a l  a s p e c t  o f  t h i s  s t u d y  i s  t h e  n e c e s s i t y  t o  a c c o u n t  f o r  m a s s  
a n d  v o i d  v o l u m e  c h a n g e s  a s s o c i a t e d  w i t h  d o l o m i t i z a t i o n  o f  l i m e s t o n e s .  I n  
t h i s  s e c t i o n  p a r t i a l  v o l u m e  d a t a  a r e  p r e s e n t e d  b e c a u s e  v o i d  v o l u m e s ,  m a s s  
v o l u m e s  a n d  t h e  r e l a t i o n s h i p  o f  v o i d  v o l u m e  t o  p o r e  r a d i i  a r e  i m p o r t a n t  i n  
i n t e r p r e t a t i o n  o f  t h e  r e p l a c e m e n t  p r o c e s s .  
F e r g u s o n  Q u a r r y  s a m p l e s  
B e c a u s e  v o l u m e  p a r a m e t e r s  w e r e  m e a s u r e d  o n  c o r e  s a m p l e s  w h i c h  a r e  
l a t e r  u s e d  i n  c h e m i c a l  t e s t s ,  v o l u m e - c o m p o s i t i o n  r e l a t i o n s h i p s  a r e  u n d e r  
m u c h  c l o s e r  c o n t r o l  a n d  a r e  r e p r e s e n t a t i v e  o f  e a c h  c o r e  s a m p l e .  S a m p l e s  
w e r e  o b t a i n e d  a s  p a r t  o f  g r a d a t i o n a l  s e q u e n c e s  o f  t h e  l i m e s t o n e ,  t r a n s i t i o n  
a n d  d o l o m i t e  z o n e s .  ( S e e  F i g u r e  1 4  f o r  e x a m p l e  o f  v a r i a t i o n  o f  p h y s i c a l  
Figure  14 .  A p lot  of  phys ica l  propert ies  measured on se lected cores  for  block sample  Ferguson 13-5 .  
The propert ies  shown are  poros i ty ,  grain  dens i ty  and bulk  dens i ty  
FERGUSON 13-5 
®P0R0SITY(7o) _ GRAIN DENSnrfg/cnf) BULK DENSITY(g/cm3) 
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p r o p e r t i e s  a n d  c o r e  p o s i t i o n  i n  a  g i v e n  s a m p l e . )  F i g u r e  1 5  s h o w s  t h r e e  
f r e q u e n c y  d i s t r i b u t i o n s  o f  p o r o s i t y  f o r  a l l  s a m p l e s  r e p r e s e n t a t i v e  o f  e a c h  
z o n e  a l o n g  w i t h  a  r e p r e s e n t a t i v e  p o r e  v o l u m e  d i s t r i b u t i o n  c u r v e .  T h e  d a t a  
i n  t h i s  f i g u r e  i n d i c a t e  a  r e l a t i o n s h i p  b e t w e e n  p o r o s i t y ,  p o r e  v o l u m e  
d i s t r i b u t i o n  a n d  c o l o r r i i t i z a t i o n .  T h e  p e l o i d  l i m e s t o n e  a v e r a g e s  5 . 7  ±  1 . 5 %  
p o r o s i t y  p r e d o m i n a t e l y  i n  t h e  p o r e  r a d i u s  r a n g e  o f  0 . 2  m i c r o n  s i z e  a n d  
l e s s .  T h e  t r a n s i t i o n  z o n e  a v e r a g e s  4 . 3  ±  1 . 1 : -  p o r o s i t y  s h o w i n g  a  d e c r e a s e  
i n  p o r e  v o l u m e s  o f  t h e  0 . 2  m i c r o n  s i z e  a n d  l e s s  r a n g e  a n d  i n d i c a t i n g  
d e v e l o p m e n t  o f  s e c o n d a r y  p o r e s  i n  t h e  1 - 1 0  m i c r o n  s i z e  r a n g e  a t  t h e  e x p e n s e  
O i  U i  :  C  i x . i a i i C i  ^  \  i  V - U M O I G O L .  u i i C  u v  I  U i i i  I  u C Z )  ;  C :  ^  C  I  C L  y  I  . ,  y  
8 . 9  =  2 . 8 ' ;  p r e d o m i n a t e l y  i n  t h e  1  t o  2 0  m i c r o n  s i z e  r a n g e ,  s h o w  a  h i g h e r  
p o r o s i t y  t h a n  e i t h e r  t h e  l i m e s t o n e  o r  t r a n s i t i o n  z o n e s .  O n l y  a  s m a l l  a m o u n t  
o f  f i n e  p o r e s  r e m a i n  i n  t h e  d o l o m i t e s  i n d i c a t i n g  a  m a r k e d  i n c r e a s e  i n  p o r e  
s i z e  a t  t h e  e x p e n s e  o f  f i n e r  p o r e s .  
R a n d a l l  Q u a r r y  s a m p l e s  
B l o c k  s a m p l e s  o b t a i n e d  f r o m  e i t n e r  s i c e  o f  t n e  l i m e s t o n e - d o l o m i t e  
i n t e r f a c e  l i m i t e d  t h e  s t u C y  t o  p a r e n t - d a u g h t e r  s a m p l e s  w i t h  n o  a v a i l a b l e  
d a t a  f o r  a  t r a n s i t i o n  z o n e .  F i g u r e  1 6  s u m m a r i z e s  t h e  v o i d  v o l u m e  d a t a  f o r  
l i m e s t o n e  a n d  d o l o m i t e  s a m p l e s .  P o r o s i t y  v a l u e s  v a r y  w i d e l y  f o r  l i t h o ­
g r a p h i c  l i m e s t o n e s  a v e r a g i n g  5 . 3  ±  3 . 4 %  w i t h  t h e  v o i d s  p r e d o m i n a t e l y  i n  
t h e  0 . 3  m i c r o n s  s i z e  r a n g e  a n d  s m a l l e r .  I n  c o n t r a s t ,  d o l o m i t e s  a r e  o f  
l o w e r  p o r o s i t y  a v e r a g i n g  3 . 5  ±  1 . 2 " . .  H o w e v e r ,  p o r e  v o l u m e  d i s t r i b u t i o n s  
i n d i c a t e  e s s e n t i a l l y  n o n e  o f  t h e  p o r o s i t y  i s  i n  t h e  m e a s u r a b l e  s i z e  r a n g e  
a*»» .J ^ /J ^ X-, ^ ^ ^ ^1 l^iu. -VI — o ^ y /I ^  ^ ^ ^ ^  I I W1iL4^ iiiCuC I I , u I i I « V ^ ^ I ^ ••iiO « O V 
w a s  a l s o  n o t e d  i n  p é t r o g r a p h i e  s t u d i e s  w h e r e  t h e  d o l o m i t e s  a r e  c o m p o s e d  o f  
F i g u r e  1 5 .  V o i d  v o l u m e - p o r e  r a d i i  r e l a t i o n s h i p s  f o r  s a m p l e s  f r o m  t h e  
F e r g u s o n  Q u a r r y .  F r e q u e n c y  d i s t r i b u t i o n s  o f  p o r o s i t y  a n d  a  
c h a r a c t e r i s t i c  p o r e  r a d i i - v o l u m e  d i s t r i b u t i o n  f o r  t h e  l i m e ­
s t o n e ,  t r a n s i t i o n ,  a n d  d o l o m i t e  z o n e s  a r e  s h o w n  
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F i g u r e  1 5 .  V o i d  v o l u m e - p o r e  r a d i i  r e l a t i o n s h i p s  f o r  s a m p l e s  f r o m  t h e  
R a n d a l l  Q u a r r y .  F r e q u e n c y  d i s t r i b u t i o n s  o f  p o r o s i t y  a n d  a  
c h a r a c t e r i s t i c  p o r e  r a d i i - v o l u m e  d i s t r i b u t i o n  f o r  t h e  l i m e ­
s t o n e  a n d  d o l o m i t e  z o n e s  a r e  s h o w n  
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a  d e n s e  i n t e r l o c k i n g  m o s a i c  o f  d o l o m i t e  c r y s t a l s  l a c k i n g  v i s i b l e  p o r o s i t y .  
D u e  t o  l a c k  o f  t r a n s i t i o n  z o n e  s a m p l e s ,  t h e  p o r o s i t y - p o r e  s i z e  r e l a t i o n ­
s h i p s  a r e  n o t  k n o w n  f o r  t h i s  p o r t i o n  o f  t h e  s y s t e m .  
S u m m a r y  
T h e  o v e r a l l  v o i d  v o l u m e  c h a n g e s  f o r  t h e  s y s t e m s  s t u d i e d  s h o w  t w o  
d i s t i n c t  t y p e s  o f  v o l u m e  c h a n g e s  d u r i n g  d o l o m i t i z a t i o n .  T h e  F e r g u s o n  Q u a r r y  
p e l o i d  l i m e s t o n e  s h o w s  a n  a v e r a g e  i n c r e a s e  o f  p o r o s i t y  w i t h  d o l o m i t i z a t i o n .  
A l s o ,  a  d e f i n i t e  r e l a t i o n s h i p  b e t w e e n  p o r e  v o l u m e  a n d  p o r e  r a d i u s  e x i s t s  
f o r  d o l o m i t i z a t i o n  s h o w i n g  a n  o b l i t e r a t i o n  o f  t h e  s m a l l  p o r e  r a d i i  
c h a r a c t e r i s t i c  o f  t h e  p e l o i d  l i m e s t o n e s  a n d  f o r m a t i o n  o f  l a r g e r  p o r e s  o f  
t h e  d o l o m i t e .  I n i t i a l  o b l i t e r a t i o n  o f  s m a l l  p o r e s  f o r  l a r g e r  p o r e s  i s  
o b s e r v e d  i n  t r a n s i t i o n  z o n e  s a m p l e s .  
T h e  R a n d a l l  Q u a r r y  s a m p l e s  d e m o n s t r a t e  a  d i f f e r e n t  b e h a v i o r  o f  t h e  
v o i d  v o l u m e - v o i d  r a d i i  w i t h  d o l o m i t i z a t i o n  o f  a  l i t h o g r a p h i c  l i m e s t o n e .  
T h e r e  i s  a n  o v e r a l l  d e c r e a s e  i n  p o r o s i t y  a s  w e l l  a s  a  s h i f t  o f  p o r e s  s i z e s  
t o  v e r y  s m a l l  r a d i i  ( l e s s  t h a n  0 . 1  m i c r o n s ) .  H o w e v e r ,  d u e  t o  l i m i t a t i o n s  
o f  t h e  e q u i p m e n t  t o  m e a s u r e  p o r e s  b e l o w  0 . 0 5  m i c r o n s  r a d i i ,  t h e  e x a c t  p o r e  
v o l u m e - r a d i u s  r e l a t i o n s h i p  i s  n o t  k n o w n ,  b u t  t h e  m a j o r i t y  o f  t h e  r a d i i  a r e  
c o n s i d e r e d  t o  b e  i n  t h e  l e s s  t h a n  0 . 0 5  m i c r o n  s i z e  r a n g e .  T h i s  e x t r e m e l y  
s m a l l  p o r e  r a d i i  c h a r a c t e r i s t i c  o f  t h e  d o l o m i t e s  i s  c o n f i r m e d  b y  p é t r o ­
g r a p h i e  s t u d y  o f  t h e  i n t e r l o c k i n g  d o l o m i t e  m o x a i c  a n d  i t s  l a c k  o f  v i s i b l e  
p o r o s i t y .  A l s o  t h e  d o l o m i t e  i s  e x t r e m e l y  d e n s e  w h i c h  w o u l d  i n d i c a t e  
n r o q o n r o  n f  n n l w  ç m a l l  n n r o q  
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P h a s e  a n d  C o m p o n e n t  R e l a t i o n s h i p s  
E v a l u a t i o n  o f  c o m p o s i t i o n - v o l u m e  r e l a t i o n s h i p s  f o r  a  r e p l a c e m e n t  
p r o c e s s  n e c e s s i t a t e s  r e c c c p u t a t i c n  o f  t h e  i n t e n s i v e  v ; e i g h t  p e r c e n t  d a t a  t o  
t h e r m o d y n a m i c a l l y  e x t e n s i v e  p a r a m e t e r s ,  s u c h  t h a t  g a i n s  a n d  l o s s e s  m a y  b e  
c o m p u t e d .  A p p l i c a t i o n  o f  t h e  u n i t  c o n t a i n e r  v o l u m e  c o n c e p t  t o  s t u d y  o f  
e p i g e n e t i c  d o l o m i t i z a t i o n  p l a c e s  t h e  c h e m i c a l  d a t a  o n  a n  e x t e n s i v e  b a s i s  
a l l o w i n g  c o m p u t a t i o n  o f  g a i n s  a n d  l o s s e s  o f  p h a s e s  a n d  c o m p o n e n t s  r e l a t e d  
t o  d o l o m i t i z a t i o n .  A l s o ,  v o i d  o r  m a s s  v o l u m e  c h a n g e s  a r e  a c c o u n t e d  f o r  a n d  
u s a b l e  i n  e x p l a i n i n g  t h e  m e c h a n i s m s  o f  t h e  p r o c e s s .  D u r i n g  r e p l a c e m e n t  o f  
l i m e s t o n e  b y  d o l o m i t e  t n e  l o t a l  v o l u m e  i s  o c c u p i e d  b ;  v a r y i n g  a , i . o u r , t s  c f  
c a l c i t e ,  d o l o m i t e ,  p y r i t e ,  q u a r t z  a n d  c l a y  p h a s e s .  
F e r g u s o n  Q u a r r y  s a m p l e s  
T h e  c o r e  s a m p l i n g  o f  t h e  b l o c k s  o b t a i n e d  e n a b l e s  c o m p a r i s o n  o f  t h e  
p a r e n t - d a u g h t e r  c o m p o s i t i o n a l  r e l a t i o n s h i p s  f o r  t h e  d o l o m i t i z a t i o n  s y s t e m .  
F i g u r e s  1 4 ,  1 7  a n d  1 8  a r e  p r e s e n t e d  t o  s h o w  t h e  v a r i a t i o n  o f  v a l u e s  f o r  
c e r t a i n  p r o p e r t i e s  m e a s u r e a  o n  c o r e s  e x t r a c t e a  f r o m  b l o c k  1 3 - 5 .  F i g u r e  1 4  
p r e s e n t s  t h e  p h y s i c a l  d a t a ,  i n s p e c t i o n  o f  w h i c h  s h o w s  a  v a r i a b i l i t y  o f  t h e  
b u l k  d e n s i t y  a n d  p o r o s i t y  v a l u e s  o n  e i t h e r  s i d e  o f  t h e  i n t e r f a c e .  F i g u r e  1 7  
g i v e s  t h e  d i s t r i b u t i o n  o f  g / c c  v a l u e s  f o r  t h e  p h a s e s  c a l c i t e ,  d o l o m i t e  a n d  
a c i d  i n s o l u b l e  r e s i d u e .  F i g u r e  1 8  g i v e s  t h e  d i s t r i b u t i o n  o f  C a O ,  M g O ,  
F e g O g  c o m p o n e n t s  i n  g / c c  f o r  t h e  s a m p l e s .  I n s p e c t i o n  o f  t h e  t h r e e  
d i a g r a m s  s h o w s  t h a t  a  p o s i t i v e  r e l a t i o n s h i p  o c c u r s  b e t w e e n  d o l o m i t e ,  i r o n ,  
m a g n e s i u m ,  c a l c i u m  a n d  a c i d  i n s o l u b l e  r e s i d u e  v a l u e s .  A l s o  i t  i s  a p p a r e n t  
t h a t  a  s m a l l  v a r i a t i o n  o f  p a r a m e t e r  v a l u e s  e x i s t s  w i t h i n  t h e  d o l o m i t e  a n d  
l i m e s t o n e  z o n e s .  T h u s  i n  t h e  c o m p u t a t i o n  o f  g a i n s  a n d  l o s s e s  b y  r a n d o m  
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p a i r i n g  o f  p a r e n t - d a u g h t e r  s a m p l e s ,  a  r a n g e  o f  g a i n s  a n d  l o s s e s  w i l l  b e  
o b s e r v e d  w i t h i n  t h e  b l o c k .  F i g u r e  1 9  i s  a  p l o t  o f  g a i n s  a n d  l o s s e s  o f  
c a l  c i  t e  a n d  d o l o m i t e  b y  r a n d o m  p a i r i n g  f o r  b l o c k  1 3 - 5 .  T h e  c o m o a r i s o n  
o f  r a n d o m  p a i r s  y i e l d s  a  r a n g e  o f  g a i n s  a n d  l o s s e s  d e p e n d e n t  o n  t h e  
p a r t i c u l a r  p a i r  s e l e c t e d .  A  p r o b l e m  i s  r a i s e d  a s  t o  w h i c h  s e t  o f  v a l u e s  i s  
m o s t  r e p r e s e n t a t i v e .  T h i s  l e a d s  t o  u s e  o f  a v e r a g e  v a l u e s  a s  a  b a s i s  o f  
c o m p a r i s o n s  t o  y i e l d  a  b e t t e r  o v e r a l l  p i c t u r e  o f  t h e  c h a n g e s  o c c u r r i n g  
d u r i n g  d o l o m i t i z a t i o n .  T a b l e  4  i s  a  s u m m a t i o n  o f  t h e  g a i n s  a n d  l o s s e s  o f  
p h a s e s  a n d  c o m p o n e n t s  f o r  e a c h  b l o c k  a n a l y z e d .  T h e r e  i s  a  v a r i a t i o n  o f  
changes  wi th in  each  b lock  as  wel l  as  be tween the  b lock  samples .  In  general ,  
a  d e f i n i t e  p a t t e r n  o f  c h a n g e s  i s  e v i d e n t  w h e n  c o n s i d e r i n g  t h e  n a t u r e  o f  t h e  
c h a n g e s  f o r  t h e  F e r g u s o n  Q u a r r y .  T h e r e  i s  a n  i n c r e a s e  o f  d o l o m i t e ,  p y r i t e ,  
a c i d  i n s o l u b l e  r e s i d u e ,  i r o n ,  a l u m i n u m ,  m a n g a n e s e , m a g n e s i u m ,  s o d i u m ,  
p o t a s s i u m ,  c a r b o n  d i o x i d e ,  a n d  s u l f a t e .  T h e  o n l y  m a t e r i a l s  d e c r e a s i n g  a r e  
c a l  c i  t e  a n d  c a l c i u m .  O v e r a l l ,  t h e r e  i s  a  t e n d e n c y  f o r  a n  i n c r e a s e  o f  m a s s  
w i t h  a  n e t  g a i n  o f  p o r o s i t y .  
R a n d a l  1  Quarry s a m p l e s  
S a m p l e s  r e p r e s e n t a t i v e  o f  d o l o m i t i z a t i o n  a t  t h e  R a n d a l l  Quarry w e r e  
m o r e  l i m i t e d  t h a n  a t  t h e  F e r g u s o n  Q u a r r y  b e c a u s e  t r a n s i t i o n  z o n e s  w e r e  n o t  
a v a i l a b l e .  T h e r e f o r e ,  t h e  s a m p l i n g  w a s  a c c o m p l i s h e d  b y  f o u r  v e r t i c a l  
s e c t i o n s  t a k e n  a c r o s s  t h e  l i m e s t o n e - d o l o m i t e  i n t e r f a c e  ( F i g u r e  1 0 ) .  E i g h t  
s a m p l e s  w e r e  o b t a i n e d  a t  e a c h  v e r t i c a l  s e c t i o n ,  a n d  t h e  s a m e  u n i t  t r a c e d  
l a t e r a l l y  b e t w e e n  t h e  s e c t i o n s .  S a m p l e s  r e p r e s e n t a t i v e  o f  t h e  s a m e  u n i t  
w i t h i n  t h e  d o l o m i t e  a n d  l i m e s t o n e  w e r e  o b t a i n e d  t o  c h e c k  t h e  v a r i a b i l i t y  o f  
chemica l  and  phys ica l  p roper t ies  wi th in  a  s ing le  bedding  un i t .  These  
F i g u r e  1 9 .  F r e q u e n c y  d i s t r i b u t i o n  d i a g r a m  f o r  g a i n s  a n d  l o s s e s  o f  d o l o m i t e  a n d  c a l  c i  t e  c o n t e n t s  
o b t a i n e d  b y  r a n d o m  p a i r i n g  o f  l i m e s t o n e  a n d  d o l o m i t e  c o r e s  f o r  F e r g u s o n  B l o c k  1 3 - 5  
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T a b l e  4 .  A v e r a g e  g a i n s  a n d  l o s s e s  o f  m a t e r i a l  
( v a l u e s  i n  g r a m s  p e r  c c . )  
C o n s t i t u e n t  1 3 - D  1 3 - 1  1 3 - 2  1 3 - 3  
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^ A c i d  I n s o l u b l e  R e s i d u e .  
^ C o n t e n t  i n  m i c r o g r a i n s  p e r  c c .  
s e l e c t e d  s e t s  o f  c o r o s  f o r  F e r g u s o n  Q u a r r y  s a m p l e s  
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p r o p e r t i e s  a r e  p r e s e n t e d  i n  T a b l e  5  a s  a v e r a g e  v a l u e s  a n d  s t a n d a r d  
d e v i a t i o n s .  I t  i s  a p p a r e n t  t h a t  g e n e r a l l y  a b o u t  5 %  v a r i a t i o n  o f  p r o p e r t i e s ,  
l a r g e l y  d e p e n d e n t  o n  b u l k  d e n s i t y ,  e x i s t s  f o r  t h e  s a m p l e s  a n d  e x p l a i n s  t h e  
v a r i a t i o n  o b s e r v e d  b y  r a n d o m  p a i r i n g  o f  s a m p l e  s e t s  f o r  g a i n s  a n d  l o s s e s  o f  
m a t e r i  a l ,  
T a b l e  5 .  A v e r a g e  v a l u e s  a n d  s t a n d a r d  d e v i a t i o n s  f o r  t h e  s a m p l e s  c o l l e c t e d  
a t  t h e  R a n d a l l  Q u a r r y  t o  t e s t  t h e  l a t e r a l  v a r i a t i o n  a l o n g  a  
g i v e n  b e d  
L i m e s t o n e - g / c c  D o l o m i  t e - g / c c  
C o n s t i t u e n t  X S . D .  X  S . D .  
D o l o m i t e  
C a l  c i  t e  
P y r i t e  
A I R S  
0 . 0 1 1 1  0 . 0 0 4 8  
2.5638 0 .0092 
0.0002 0.0001 
0.0234 0 .0129 
2 . 5 6 5 3  0 . 1 0 6 6  
0 . 1 3 7 1  0 . 0 5 7 8  
0 . 0 0 0 4  0.0002 
0 .0197 0 .0020 
M g o  
M  3  
0.0004 0 .0002 
0 .0043 0 .0013 
0 .0003 0 .0001 
1 .4300 0 .0021 
0 . 0 0 6 8  0 . 0 0 1 7  
0.000? 0.0001 
0 . 0 0 0 4  0.0001 
1 . 1 3 2 1  0 . 0 0 5 9  
0.0018 0.0010 
0 . 0 0 0 6  0.0002 
0.0066 0 .0011 
0 .0006  0 .0001  
0.9263 0 .0122 
0 .4929 0 .0156 
0 .0024 0 .0001 
0.0006 0.0001 
1.2791 0 .0259 
0 .0045 0 . 0 0 0 7  
1 1 5  
3 . 2  
22 
1 3  
10 
0 . 8  
2.3  




7 . 7  
29 
1 . 0  
10 
2 . 6  
^ A c i d  I n s o l u b l e  R e s i d u e .  
^ C o n t e n t  i n  m i c r o g r a m s  p e r  c c .  
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T h e  p a r e n t - d a u g h t e r  a v e r a g e  g a i n s  a n d  l o s s e s  o f  p h a s e s  a n d  o x i d e s  f o r  
f o u r  s e r i e s  o f  l a t e r a l  c o m p a r i s o n s  f r o m  l o v ; e r  p o r t i o n  o f  s a m p l e d  s e c t i o n  
a r e  g i v e n  T a b l e  6 .  T h e s e  d a t a  i n d i c a t e  i n c r e a s e s  i n  t h e  a m o u n t  o f  d o l o m i t e ,  
a c i d  i n s o l u b l e  r e s i d u e ,  M g ,  F e ,  A 1 ,  M n ,  N a ,  K ,  C O g ,  a n d  S O g  w i t h  a  d e c r e a s e  
i n  c a l  c i  t e  a n d  C a .  T h e r e  i s  n o  d i s t i n c t  t r e n d  o f  p y r i t e  w i t h  d o l o m i t i z a -
t i o n .  A l s o ,  t h e r e  i s  a  d e c r e a s e  o f  p o r e  s p a c e  a n d  a d d i t i o n  o f  m a s s  t o  t h e  
s y s t e m .  I n  c o n t r a s t ,  t w o  s a m p l e  s e t s ,  R L  a n d  R l D L ,  o b t a i n e d  f r o m  t h e  u p p e r  
p o r t i o n  o f  t h e  q u a r r y  d i s p l a y  a  p o r e  c r e a t i n g  p h e n o m e n o n  w i t h  a n  i n c r e a s e  
o f  p o r o s i t y  w i t h  d o l o m i t i z a t i o n .  
T a b l e  6 .  G a i n s  a n d  l o s s e s  o f  m a t e r i a l  f o r  p a i r e d  s e t s  o f  d a t a  from R a n d a l l  
Q u a r r y  ( g r a m s  p e r  c c )  
C o n s t i  t u e n t  R4A R5A R6A R7A R L  R l D L  
D e l o m i  t e  +2.5360 +2.5587 +2.6306 +2.6318 +  1  . 9 1 0 7  +2.2515 
C a l  c i  t e  -2 .4457 -2 .3624 -2 .3401 -2 .4227 -1 .9682 -2 .3593 
P y  r i  t e  0.0000 0 .0000 -0 .0001 - 0 . 0 0 0 1  -0 .0025 0 .0000 
AIR^ +0.0S90 +0.481 -0 .0060 -0 .0113 +0.0347 +0.0472 
Al .Oo +0.0035 +0.0018 +0.0003 +0.0004 +0.0014 +0.0017 
F e ^ O ^  +0.231 +0.0102 +0.0070 + 0 . 0 0 5 6  + 0 . 0 0 6 5  + 0 . 0 1 3 9  
M n o ' j - 3  + 0 . Û Û Ù 4  ' w • TÛ.ÛÛÛ3 - T - û  . 0 0 0 2  • û  . û û û l  - r û  .  0 0 0 4  
CaO " -0 .5231 -0 .5137 -0 .4580 -0 .4982 -0 .4811 -0 .5771 
MgO +0.4821 +0.5051 +0.5121 +0 .5138 +0.3811 +0.4259 
N a o O  +0.0018 +0.0012 +0.0013 +0.0017 +0.0012 +0.0017 
KpO +0 .0025 +0.0012 +0.0001 +0 .0003 +0.0012 +0.0012 
G O  2  +0.1444 +0.1872 +0.2308 +0.1896 +0.0371 +0.0312 
SO3 +0.0019 +0.0020 +0.0025 +0.0028 +0.0023 +0.0030 
A  g / c c  +0.0909 +0.1963 +0.2905 +0.2091 -0 .0575 -0 .1078 
A  CC + 0 . 0 1 3  -0 .026  - û  . 0 5 0  - 0 .029  - 0 . 0 5 5  + 0 . 0 8 2  
S r g  - 3 9  - 1 0 1  -219  -188  -28  -209 
C u ^  - 3 . 5  + 5 . 1  + 3 . 1  - 0 . 1  - 1  . 5  - 2 . 1  
Z n g  - 3 7  +219 +  1 7 1  - 1 3  0 . 0  -24  
P b °  
- 9  - 4  - 1  - 1 4  - 3  
^  ^  2  J  T  - I  .  .  L  n  _  _  J  J .  .  ^  
ML. I U 1 I I Z) u I U u 1 C r\C Z) I  VJUC •  
' C o n t e n t  i n  m i c r o g r a m s  p e r  c c .  
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D I S C U S S I O N  
B e f o r e  d i s c u s s i n g  a n d  i n t e r p r e t i n g  t h e  e x p e r i m e n t a l  r e s u l t s  a  f e w  
w o r d s  c o n c e r n i n g  t h e  s y s t e m ,  m o o e l  a s s u m p t i o n s  a n d  p i t f a l l s  a r e  r e q u i r e d .  
I t  s h o u l d  b e  r e a l i z e d  t h a t  t h e  d a t a  o b t a i n e d  o n l y  p r o v i d e  n e t  o v e r a l l  
c h a n g e s  i n  a  s y s t e m  u n d e r g o i n g  a  v a r i e t y  o f  c h a n g e s  t h r o u g h  t i m e  i n  w h i c h  
d o l o m i t i z a t i o n  i s  c o n s i d e r e d  t h e  p r e d o m i n a n t  c h a n g e .  I n  a d d i t i o n  i t  m u s t  b e  
u n d e r s t o o d  t h a t  t h e  s y s t e m  r e p r e s e n t s  a  c o n t i n u u m  o f  c h a n g e s  r a n g i n g  f r o m  
u n a l t e r e d  l i m e s t o n e  g r a d i n g  i n t o  d o l o m i t e .  U n f o r t u n a t e l y  t h e  m e t h o d s  u s e d  
i n  s a m p l i n g  o n l y  p r o v i d e  d a t a  a t  a  f e w  p o i n t s  a l o n g  t h i s  c o n t i n u u m .  B y  
a n a l o g y  t h e  s a m p l i n g  i s  e q u i v a l e n t  t o  r e a d i n g  o n l y  a  l i m i t e d  n u m b e r  o f  p a g e s  
o f  a  l a r g e  t e x t  i n  a  r a n d o m  b u t  c o n s e c u t i v e  m a n n e r  w i t h  t h e  b e l i e f  t h a t  
t h i s  w i l l  p r o v i d e  s o m e  u n d e r s t a n d i n g  o f  w h a t  t h e  t e x t  i s  a b o u t .  
O n e  a s s u m p t i o n  t h a t  m u s t  b e  m a d e  i f  u s e  o f  t h e  u n i t  c o n t a i n e r  v o l u m e  
t o  d e s c r i b e  q u a n t i t a t i v e  c h a n g e s  f o r  g e o l o g i c  p r o c e s s e s  i s  v a l i d ,  i s  t h a t  
n e g l i g i b l e  p o s t - d o l o m i t i z a t i o n  c h a n g e s  h a v e  o c c u r r e d .  H o w e v e r ,  a  p o s s i -
p r o b a b l y  o c c u r s  t o  a  m i n o r  e x t e n t .  A n o t h e r  p r o b l e m  i s  s e c o n d a r y  l e a c h i n g  
b y  g r o u n d w a t e r s .  P é t r o g r a p h i e  e v i d e n c e  o f  l e a c h i n g  w a s  s e l d o m  o b s e r v e d  i n  
b o t h  q u a r r i e s  i n d i c a t i n g  a  m i n i m a l  e f f e c t  o n  t h e  s y s t e m .  B y  a v o i d i n g  a l l  
v i s i b l e  s t y o l i t i c  s e a m s  d u r i n g  c o r e  s a m p l i n g ,  t h i s  p o s t - d o l o m i t i z a t i o n  
p h e n o m e n a  i s  c o n s i d e r e d  t o  b e  o f  m , i n o r  e f f e c t .  T h u s  c a r e f u l  s e l e c t i o n  o f  
s a m p l e s  a n d  p é t r o g r a p h i e  s t u d y  h a s  h o p e f u l l y  m i n i m i z e d  t h e s e  s e c o n d a r y  
e f f e c t s  a n d  t h e  u s e  o f  t h e  u n i t  c o n t a i n e r  v o l u m e  m o d e l  r e p r e s e n t s  a  
r e a l i s t i c  e s t i m a t e  o f  t h e  n e t  c h a n g e s  f o r  a l l  p r o c e s s e s  o c c u r r i n g  i n  t h e  
s y s t e m .  
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B e c a u s e  a  g r a m  p e r  u n i t  v o l u m e  b a s i s  f o r  c o m p u t a t i o n s  o f  g a i n s  a n d  
l o s s e s  i s  u s e d ,  n o  e x a c t  e q u a t i o n  c a n  b e  w r i t t e n  t o  e x p l a i n  t h e  p r o c e s s .  
T h i s  i s  d u e  t o  d i f f e r i n g  a m o u n t s  o f  m a s s  o n  e i t h e r  s i d e  o f  t h e  e q u a t i o n .  
A s  t h e  p o r e  f l u i d s  r e s p o n s i b l e  f o r  t h e  p r o c e s s  c a n n o t  b e  s a m p l e d ,  a n d  o n l y  
t h e  s o l i d s  w e r e  a n a l y z e d ,  t h e  a c t u a l  c o n t r i b u t i o n  o f  p o r e  f l u i d s  c a n n o t  b e  
u n i q u e l y  a s c e r t a i n e d .  R i d g e  ( 1 9 4 9 ,  1 9 6 1 )  o v e r c a m e  t h i s  p r o b l e m  b y  
i n t r o d u c i n g  m o b i l e  c o m p o n e n t s  i n t o  b o t h  s i d e s  o f  t h e  r e a c t i o n ,  w h i c h  w h i l e  
p a r t i c i p a t i n g  i n  t h e  r e a c t i o n ,  l e a v e  n o  s o l i d  e v i d e n c e  b e h i n d  f o r  u s  t o  
m e a s u r e .  A l s o ,  t h e  c a l c u l a t e d  g a i n s  a n d  l o s s e s  o n l y  r e p r e s e n t  t h e  
c u m u l a t i v e  e f f e c t  o f  a l l  c h a n g e s  t h a t  m a y  h a v e  o c c u r r e d  w i t h i n  t h e  
c o n t a i n e r .  A n a l y s i s  o f  p h y s i c a l ,  c h e m i c a l  a n d  p é t r o g r a p h i e  d a t a  i n d i c a t e s  
t h a t  e p i g e n e t i c  d o l o m i t i z a t i o n  i s  a  c o m p l e x  p r o c e s s ,  a n d  n o  s i m p l e  e q u a t i o n  
o f  r e p l a c e m e n t  c a n  a c c o u n t  f o r  a l l  t h e  c o m p o s i t i o n a l  a n d  v o l u m e  c h a n g e s  
w h i c h  h a v e  o c c u r r e d .  C o n s i d e r a b l e  v a r i a t i o n  i n  t h e  d o l o m i t i z a t i o n  p r o c e s s  
i s  e v i d e n t  n o t  o n l y  b e t w e e n  t h e  t w o  q u a r r i e s ,  b u t  a l s o  b e t w e e n  i n d i v i d u a l  
b l o c k s  s a m p l e s  w i t h i n  a  g i v e n  q u a r r y .  S e c o n d l y ,  d o l o m i t i z a t i o n  i s  n o t  t h e  
o n l y  p r o c e s s  o c c u r r i n g  b e c a u s e  c h e m i c a l  e v i d e n c e  i n d i c a t e s  t h a t  p y r i t e ,  
q u a r t z  a n d  c l a y  m i n e r a l s  a r e  c o n c u r r e n t l y  i n t r o d u c e d  w i t h  d o l o m i t i z a t i o n .  
A n a l y s i s  o f  t h e  q u a n t i t a t i v e  d a t a  b a s e d  o n  t h e  u n i t  c o n t a i n e r  v o l u m e  
c o n c e p t  o f  r e p l a c e m e n t  w i l l  i n i t i a l l y  b e  c o m p a r e d  t o  t h e  c u r r e n t l y  a c c e p t e d  
( 1 )  V o l u m e - f o r - v o l u m e  
( 2 )  M o l e - f o r - m o l e .  
T h e  c o m p a r i s o n  t o  b e  u s e d  r e q u i r e s  e v a l u a t i o n  o f  m a s s  c h a n g e s  o c c u r r i n g  
c o n c u r r e n t l y  w i t h  v o l u m e  c h a n g e s  f o r  t h e  c a r b o n a t e  p h a s e s .  F o l l o w i n g  t h e  
a n a l y s i s  o f  v o l u m e - m a s s  c h a n g e s ,  p e t r o g e n i c  m o d e l s  f o r  d o l o m i t i z a t i o n  
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o c c u r r i n g  i n  t h e  F e r g u s o n  a n d  R a n d a l l  q u a r r i e s ,  s p e c u l a t i o n  o n  t h e  t y p e  o f  
f l u i d s  r e s p o n s i b l e ,  a n d  c o m p l e x i t i e s  o f  t h e  p r o c e s s  a r e  p r e s e n t e d .  
V o l u n e - X a s s  C h a n g e s  o f  t h e  C a r b o n a t e  P h a s e s  
A  m e t h o d  w n i c n  a l l o w s  i n t e r p r e t a t i o n  o f  t h e  e x p e r i m e n t a l  d a t a  w i t h  
r e s p e c t  t o  m o l e - f c r - m o l e  a n d  v o l u m e - f o r - v o l u m e  i s  t o  c o m p a r e  t h e  c h a n g e s  i n  
m a s s  p e r  u n i t  v o l u m e  w i t h  c h a n g e s  i n  v o l u m e  o f  p o r e  s p a c e  f o r  t h e  c a r b o n a t e  
m i n e r a l s  p r e s e n t  w h e n  d o l o m i t i z a t i o n  o c c u r s  t h e o r e t i c a l l y  a s  a  m o l e - f o r -
m o l e  a n d  v o l u m e - f o r - v o l u m e  p r o c e s s .  P l o t t i n g  o f  t h e  e x p e r i m e n t a l  v a l u e s  
o b t a i n e d  i n  t h i s  s t u d y  a l o n g  w i t h  t h e  t w o  t h e o r e t i c a l  v a l u e s  a l l o w s  o n e  t o  
c o m p a r e  z . i d  c o n t r a s t  e x p e r i m e n t a l  c a t a  a g a i n s t  i z c e z  , e d  v a l u e s  f o r  t h e  
t h e o r e t i c a l  p r o c e s s e s  b y  w h i c h  d o l o m i t i z a t i o n  i s  g e n e r a l l y  a s s u m e d  t o  
o c c u r .  S e v e r a l  i n i t i a l  c o m p u t a t i o n s  a r e  p r e s e n t e d  f o r  t h e  e x p e c t e d  m a s s  
p e r  u n i t  v o l u m e  a n d  p o r e  v o l u m e  c h a n g e s  f o r  m o l e - f o r - m o l e  a n d  v o l u m e - f o r -
v o l u m e  m o d e s  o f  r e p l a c e m e n t .  I f  i t  i s  a s s u m e d  c h a t  d o l o m i t i z a t i o n  o c c u r s  
2+ 
a s  a n  i n t e r a c t i o n  o f  s o l i d  C a C O ?  w i t h  p o r e  f l u i d s  c o n t a i n i n g  M g  a n d  
2_ P P i _  i r i n c  - r - r o  —  r \  1  i r \ i . c î > " o  p c c M " ^ r - i T - ? r \ r c  5  i t c a ^ *  
a )  R e a c t i o n  p r o c e e d s  s t e p w i s e  b y  l e a c h i n g  o f  t h e  C a C O .  a n d  d e p o s i t i o n  
o f  t h e  d o l o m i t e .  
2_L 2_L 
b )  O n l y  C a  ' ,  M g  ' ,  a n d  C O - "  i o n s  a r e  a d d e d  o r  r e m o v e d  b y  t h e  p o r e  
f l u i d s  t o  t h e  s o l i d s .  
c )  A l l  t h e  p r e - e x i s t i n g  C a C O ?  i s  r e m o v e d  o r  c o n v e r t e d  t o  d o l o m i t e  o r  
a  1 0 0  p e r c e n t  r e p l a c e m e n t .  
d )  T h e  t o t a l  v o l u m e  o f  s p a c e  b e f o r e  a n d  a f t e r  i s  c o n s i d e r e d  t h a t  
o c c u o i e d  b v  t h e  o r e - e x i s t i n a  C a C O ^ .  
o  
T'no cfonwicn v» û  ^  r ' r - i  n n  c ;  n o  K \ /  
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a )  C a C C ,  -  H p O  C a " *  +  +  O H  
b )  C s ! %  ^  ^  2 H C 0 ;  +  2 0 H "  -  C a M s l C G . ) ,  +  2 H , 0  g Q  a y  O  Ô L. C 
w i t h  t h e  o v e r a l l  r e a c t i o n  r e p r e s e n t e e  a s  
2 C 2 C 0 i  -  -  ( X ) H C G ; , ^  ^  ( X i O H "  -0  d u  O a J  
( l + X i C a M g i C O . i g  +  ( l - X ^ C S a a  +  
w h e r e  X  i s  t h a t  n c l a r  q u a n t i t y  o f  d o l o m i t e  n e e d e d  t o  b a l a n c e  t h e  e q u a t i o n  
f o r  a  g i v e n  p o r e  o r  m a s s  v o l u m e  c o n s t r a i n t .  
9_ 
C a s e  I  -  M o l e - - o r - M o l e  ( a s s u m i n g  n o  a d d i t i o n a l  C O g  i s  a d d e d  t o  t h e  s y s t e m )  
M o l a r  B a s i s  -  2 C a C 0 ^  -  C 0 ^ ) o  C a ^ '  
o  - a q  -  oL ù q  
V o l ' j ~ e  B a s i s  -  2 ( 3 6 . 9 3  c c / m o l e )  1  ( 6 4 . 7 6  c c / m o l e )  + 9 . 1  c c  v o i d s  
M a s s  B a s i s  -  2 ( 1 C 0 . C 9  g / m o l e  1 8 4 . 4 3  g / m o l e  
g / c c  -  2 . 7 1 0  g / c c  -  2 . 4 9 7  g / c  
T h e r e f o r e :  2  g / c c  =  - 0 . 2 1 3  g / c c  
A  p o r e s  =  + 0 . 1 2 3  c c  
C a s e  I I  -  V o l u m e - f o r - V o l u m e  ( a s s u r i n g  a l l  o f  t h e  f i n a l  v o l u m e  i s  o c c u p i e d  
b y  d o l o T i i t e ,  h e n c e  X = 0. 1 4 )  
M o l a r  B a s i s  -  2 C a C 0 ^  +  1 . 1 4  '  +  0 . 1 4  H C O -
u  G Q  u  
1 . 1 4  C a M a ( C O . ) _  +  0 . 8 6  C a ^ ^  +  0 . 1 4  H . O  J  ^  Z  
V o l u m e  B a s i s  -  2 ( 3 6 . 3 3  c c / m o l e )  ^  1 . 1 4  ( 6 4 . 7 6  c c / m o l e s )  +  0 . 0 0  v o i d s  
M a s s  B a s i s  -  2 ( 1 0 0 . 0 3  g / m o l e )  1 . 1 4  ( 1 8 4 . 4 3  c c / m o l e s )  
g / c c  -  2 . 7 1 0  g / c c  - >  2 . 8 4 8  g / c c  
T h e r e f o r e :  A  g / c c  =  + 0 . 1 3 8  g / c c  
_ ' r\ r\ r\ L .  U u t C S  —  T ^ . V U V  L .  U  
P l o t t i n g  t h e s e  u n i q u e  s o l u t i o n s  o b t a i n e d  i n  C a s e  i  a n d  C a s e  I I  f o r  
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c a r b o n a t e  r e p l a c e m e n t  i n  t e r m s  o f  A  g / c c  v e r s u s  A  c c  p o r e  s p a c e  i s  s h o w n  i n  
F i g u r e  2 0 .  I f  t h e  p r o c e s s  o f  d o l o m i t i z a t i o n  i s  a c t u a l l y  o p e r a t i v e  b y  
C a s e  I  o r  C a s e  I I ,  e x o e r i m e n t a l  v a l u e s  o b t a i n e d  f o r  t h i s  s t u d y  s h o u l d  g r o u p  
a b o u t  t h a t  t h e o r e t i c a l  v a l u e  r e p r e s e n t a t i v e  o f  t h e  r e p l a c e m e n t  m e t h o d  b y  
w h i c h  d o l o m i t i z a t i o n  o c c u r s .  A l s o  p l o t t e d  o n  F i g u r e  2 0  a r e  e x p e r i m e n t a l  
v a l u e s  o b t a i n e d  b y  u s e  o f  p a i r e d  a v e r a g e s  o f  b e f o r e  a n d  a f i e r  c o m p a r i s o n s  
f o r  b o t h  q u a r r i e s .  I t  i s  i m m e d i a t e l y  a p p a r e n t  t h a t  t h e  e x p e r i m e n t a l  v a l u e s  
d o  n o t  c l u s t e r  a b o u t  t h e  m o l e - f o r - m o l e  o r  v o l u m e - f o r - v o l u m e  p o i n t s ,  b u t  
s c a t t e r  a l l  a l o n g  o r  b e l o w  t h e  l i n e  c o n s i d e r e d  r e p r e s e n t a t i v e  o f  1 0 0 %  
c o n v e r s i o n  o f  c a l  c i  t e  t o  d o l o m i t e  w h i c h  p a s s e s  t h r o u g h  t h e  t h e o r e t i c a l  
p o i n t s .  F o r  t h e  e x a m p l e s  s t u d i e d  t h e  c o n c l u s i o n  i s  r e a c h e d  t h a t  d o l o m i t i z a ­
t i  o n  h a s  o c c u r r e d  i n  a  v a r i e t y  o f  w a y s .  S a m p l e s  f r o m  t h e  l o w e r  p o r t i o n  o f  
t h e  R a n d a l l  Q u a r r y  p a i r e d  s e t s  a l l  f a l l  n e a r  o r  b e y o n d  t h e  v o l u m e - f o r -
v o l u m e  v a l u e ,  i n d i c a t i n g  t h e  p r o c e s s  i s  p o r e  f i l l i n g  w h e r e  m o r e  d o l o m i t e  
m a s s  v o l u m e  h a s  b e e n  a d d e d  t o  t h e  s y s t e m  t h a n  c a l  c i t e  m a s s  v o l u m e  r e m o v e d .  
T h e  t w o  d a t a  s e t s  f r o m  t h e  u p p e r  p o r t i o n  o f  t h e  R a n d a l l  Q u a r r y  s h o w  a  n e t  
g a i n  i n  p o r e  s p a c e  f o r  t h e  p r o c e s s  f a l l i n g  b e t w e e n  t h e  m o l e - f o r - m o l e  a n d  
v o l u m e - f o r - v o l u m e  v a l u e s .  H o w e v e r ,  t h e  p a i r e d  s e t s  o f  F e r g u s o n  Q u a r r y  
s a m p l e s  g e n e r a l l y  f a l l  s o m e w h e r e  b e t w e e n  t h e  m o l e - f o r - m o l e  a n d  v o l u m e - f o r -
v o l u m e  v a l u e s ,  i n d i c a t i n g  a n  i n c r e a s e  i n  n e t  p o r e  v o l u m e .  
1 -i- c nn 90 3 r.  1 a mo \ /  a 1 » 1 û  Ç Opcoc T n H TT 
f o r  c a l  c i  t e  r e p l a c e m e n t  b y  d o l o m i t e .  A l l  o f  t h e  e x p e r i m e n t a l  v a l u e s  p l o t  
b e l o w  t h e  1 0 0 \  d o l o m i t e  r e p l a c e m e n t  b y  v a r y i n g  a m o u n t s .  T h o s e  p o i n t s  b e l o w  
t h e  t h e o r e t i c a l  1 0 0 %  l i n e  a r e  c o n s i d e r e d  r e p r e s e n t a t i v e  o f  i n c o m o l e t e  
d o l o m i t e  r e p l a c e m e n t  a n d  a  m e a s u r e  o f  t h e  d e g r e e  o f  c o m p l e t e n e s s  o f  t h e  
r e p l a c e m e n t  r e a c t i o n  w i t h i n  t h e  t o t a l  v o l u m e .  I n  a d d i t i o n ,  i t  w a s  a s s u m e d  
3 F i g u r e  2 0 .  P l o t  o f  1  p o r e s  v e r s u s  A  g / c m  f o r  t h e  c a r b o n a t e  p h a s e s  i n  
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f o r  t h e  t h e o r e t i c a l  p o i n t s  t h a t  t h e  t o t a l  c o n t a i n e r  v o l u m e  w a s  o c c u p i e d  
b y  e i t h e r  c a r b o n a t e  m i n e r a l s  o r  p o r e s ,  a n d  i t  s h o u l d  b e  n o t e d  t h a t  t h e  
e x p e r i m e n t a l  p o i n t s  h a v e  o t h e r  m a t e r i a l  s u c h  a s  q u a r t z ,  p y r i t e  a n d  c l a y s  
c o m p e t i n g  f o r  t h e  a v a i l a b l e  s p a c e .  T h e r e f o r e ,  t h e  1 0 0 "  l i n e  i s  c o n s i d e r e d  
a  b o u n d a r y  c o n d i t i o n  f o r  t h e  t h e o r e t i c a l  s y s t e m  c o n c e r n e d  o n l y  w i t h  
c a r b o n a t e  m i n e r a l  r e p l a c e m e n t  r e a c t i o n s ,  a n d  t h e  e x p e r i m e n t a l  v a l u e s  c o u l d  
f a l l  b e l o w  t h e  1 0 0 %  l i n e  b y  v a r y i n g  d e g r e e s  d e p e n d i n g  o n  t h e  c o m p l e t e n e s s  
o f  t h e  r e a c t i o n .  
A n o t h e r  i m p o r t a n t  f e a t u r e  o f  F i g u r e  2 0  i s  t h e  w i d e  v a r i a t i o n  o f  
c h a n g e s  o b s e r v e d  f o r  i h e  d o l o m i t e  r e p l a c e m e n t  f o r  e a c h  q u a r r y  s y s t e m ,  a s  
w e l l  a s ,  w i t h i n  t h e  i n d i v i d u a l  b l o c k s  f r o m  t h e  q u a r r y .  T h e  c o n c l u s i o n  
d r a w n  f r o m  t h i s  v a r i a t i o n  i s  t h a t  e p i g e n e t i c  d o l o m i t i z a t i o n  m u s t  b e  a  
r e p l a c e m e n t  p r o c e s s  o p e r a t i v e  i n  a  u n i q u e  w a y  f o r  e a c h  l o c a l  m i c r o e n v i r o n -
m e n t .  T h i s  c a n  m o s t  r e a d i l y  b e  e x p l a i n e d  b y  v i e w i n g  d o l o m i t i z a t i o n  a s  
o c c u r r i n g  a s  a  t w o  s t e p  p r o c e s s ;  i n i t i a l  l e a c h i n g  o f  t h e  c a l  c i t e  a n d  
s u b s e q u e n t  d e p o s i t i o n  o f  t h e  d o l o m i t e  ( L a n d e s ,  1 9 4 6 ;  H e w e t t ,  1 9 2 8 ;  
H a n s h a w  e t  ,  1 9 7 1 ) .  T h e  l e a c h i n g  p r o c e s s  p r o b a b l y  o c c u r s  a l o n g  a  t h i n  
f l u i d  f i l m  b e t w e e n  g r a i n s  b y  d i s s o l u t i o n  o f  t h e  c a l  c i t e  a t  i t s  b o u n d a r i e s  
a n d  s u b s e q u e n t  d e p o s i t i o n  o f  d o l o m i t e  i n  t h e  f o r m e d  v o i d  s p a c e .  H o v / e v e r ,  
i t  i s  p o s s i b l e  f o r  t h e  s u b s e q u e n t  d o l o m i t e  t o  f i l l :  ( 1 )  o n l y  a  p o r t i o n  o f  
t h e  l e a c h e d  v o i d s ,  ( 2 )  e x a c t l y  a l l  o f  t h e  l e a c h e d  v o i d s  o r  ( 3 )  a l l  o f  t h e  
l e a c h e d  v o i d s  p l u s  s o m e  o f  t h e  p r e - e x i s t i n g  v o i d s .  T h e r e f o r e ,  i n  v i e w  
o f  n e t  c h a n g e s  w h i c h  c a n  o c c u r ,  d i f f e r i n g  r a t e s  o f  l e a c h i n g  a n d  d e p o s i t i o n  
f o r  r e p l a c e m e n t  b e s t  e x p l a i n s  t h e  v a r i a b l e  e x p e r i m e n t a l  c o m p o s i t i o n - v o l u m e  
r e l a t i o n s h i p s  o b s e r v e d .  
I f  t h e  p r o c e s s  i s  a s s u m e d  t o  b e  a  s e q u e n t i a l  l e a c h i n g  a n d  d e p o s i t i o n  
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o p e r a t i o n ,  t h i s  i m p l i e s  t h a t  t h e  p r e - e x i s t i n g  c a l c i t e  s t r u c t u r e  i s  
d e s t r o y e d  a n d  c a r b o n a t e  i o n s  a r e  m o m e n t a r i l y  r e l e a s e d  i n t o  t h e  p o r e  f l u i d s .  
T h u s  t h e  p o s s i b i l i t y  o f  i s o t o p i c  e x c h a n g e  o f  o x y g e n  a n d  c a r b o n  a t o m s  c a n  
o c c u r  d u r i n g  t h i s  i n t e r l u d e  b e t w e e n  l e a c h i n g  a n d  d e p o s i t i o n .  D e g e n s  a n d  
E p s t e i n  ( 1 9 6 4 ) ,  P i n c k n e y  a n d  R y e  ( 1 9 7 2 ) ,  L o v e r i n g  e j t  ( 1 9 6 3 ) ,  a n d  
F r i e d m a n  a n d  S a n d e r s  ( 1 9 5 7 )  h a v e  s h o w n  t h a t  w i t h  e p i g e n e t i c  a n d  h y d r o t h e r m a l  
d o l o m i t e s  t h e r e  i s  c o m m o n l y  a n  e n r i c h m e n t  o f  h e a v i e r  i s o t o p e s  i n  d o l o m i t e  
p h a s e s  w i t h  r e s p e c t  t o  c a l c i t e .  T a b l e  7  i s  a  s u m m a r y  o f  a v e r a g e  c a r b o n  
a n d  o x y g e n  i s o t o p e  r a t i o  v a l u e s  m e a s u r e d  o n  s e l e c t e d  s a m p l e s  f r o m  b o t h  
q u a r r i e s  r e l a t i v e  t o  a  m o d e r n  m a r i n e  c a r b o n a t e .  T h o u g h  t h e  v a r i a t i o n  o f  
v a l u e s  w a s  l a r g e r  t h a n  d e s i r e d ,  t h e  a v e r a g e  v a l u e s  t a b u l a t e d  i n d i c a t e  
e n r i c h m e n t  o f  t h e  h e a v i e r  i s o t o p e s  d u r i n g  d o l o m i t i z a t i o n .  F r i e d m a n  a n d  
S a n d e r s  ( 1 9 6 7 )  c o n c l u d e d  t h a t  t h i s  h e a v i e r  i s o t o p e  e n r i c h m e n t  i s  d u e  t o  
b r i n e s  i n  w h i c h  a t  l e a s t  p a r t i a l  i s o t o p i c  e q u i l i b r a t i o n  o f  t h e  r e l e a s e d  
c a r b o n a t e  i o n s  w i t h  t h e  p o r e  f l u i d s  h a s  o c c u r r e d .  
^  ^  I  ^  ^  V  W  w  ^  I  I  W  ^  i W I  
a n d  d o l o m i t e  s a m p l e s .  V a l u e s  g i v e n  a r e  r e l a t i v e  t o  a  m o d e r n  
m a r i n e  c a r b o n a t e  
S a m p l e  
R a n d a l l  
L i m e s t o n e  -9.3 -5.5 
D o l o m i  t e  -4.6 +0.5 
F e r g u s o n  
L i m e s t o n e  -3.7 -5.5 
D o l o m i  t e  +3.8 -5.0 
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A l s o ,  a n o t h e r  f a c t o r  t h a t  c o u l d  i n f l u e n c e  o x y g e n  a n d  c a r b o n  i s o t o p e  
2_ 
r a t i o s  i s  t h e  a d d i t i o n a l  C O ^  a d d e d  f r o m  p o r e  f l u i d s  t o  t h e  s y s t e m  d u r i n g  
r e p l a c e m e n t .  T h i s  a d d i t i o n  f u r t h e r  s u b s t a n t i a t e s  t h a t  l e a c h i n g  a n d  
r e d e p o s i t i o n  h a s  o c c u r r e d  b e c a u s e  t h e  r n o l e - f o r - m o l e  r e p l a c e m e n t  a s s u m e s  
o n l y  t h e  C O . "  f r o m  p r e - e x i s t i n g  c a l  c i  t e  i s  i n c o r p o r a t e d  i n t o  t h e  d o l o m i t e .  
T h e r e f o r e ,  t h e  c h a n g e s  o c c u r r i n g  w i t h i n  t h e  s y s t e m  d u r i n g  d o l o m i t i z a -
t i o n  a r e  c o m p l e x  a n d  w i d e  r a n g i n g .  T h e s e  c h a n g e s  r e p r e s e n t  a  c o n t i n u u m  
f r o m  m o l e - t o - m o l e  t o  v o l u m e - t o - v o l u m e  a n d  b e y o n d  t o  n e t  p o r e  f i l l i n g .  
S e c o n d l y ,  t h e  e a s i e s t  m e t h o d  t o  e x p l a i n  t h i s  p h e n o m e n a  i s  t h a t  d o l o m i t i z a -
t i o n  o c c u r s  a s  a  t w o  s t e p  p r o c e s s :  i n i t i a l  c a l  c i  t e  l e a c h i n g  a n d  s u b s e q u e n t  
d o l o m i t e  d e p o s i t i o n  b y  t h e  p o r e  f l u i d s .  T h e  i d e a  o f  d i f f e r i n g  r a t e s  o f  
l e a c h i n g  a n d  d e p o s i t i o n  t o  e x p l a i n  t h e  c h a n g e s  o f  m a s s  a n d  v o l u m e  w a s  
a d v a n c e d  b y  L a n d e s  ( 1 9 4 5 )  t o  e x p l a i n  d i f f e r e n c e s  i n  p o r o s i t y  a m o n g  c e r t a i n  
d o l o m i t e s .  T h i s  s t u d y  g i v e s  t h e  e v i d e n c e  n e e d e d  f o r  s u b s t a n t i a t i n g  t h e s e  
e a r l i e r  i d e a s .  A l s o ,  b y  l e a c h i n g  a n d  r e d e p o s i t i o n ,  c a r b o n  a n d  o x y g e n  
i s o t o p i c  e x c h a n g e  b e t w e e n  t h e  l e a c h e d  C O g  a n d  t h e  p o r e  f l u i d s  c a n  o c c u r  
g e n e r a l l y  w i t h  a n  e n r i c h m e n t  o f  t h e  h e a v i e r  i s o t y p e s .  
P e t r o g e n i c  M o d e l s  o f  D o l o m i t i z a t i o n  
B y  c o m b i n i n g  a l l  a v a i l a b l e  e v i d e n c e  f r o m  t h i s  s t u d y  i t  i s  p o s s i b l e  t o  
p r o p o s e  a  p e t r o g e n e t i c  m o d e l  f o r  t h e  d o l o m i t i z a t i o n  p r o c e s s .  I t  i s  a s s u m e d  
t h a t  d o l o m i t i z a t i o n  o f  l i t h i f i e d  l i m e s t o n e s  o c c u r s  b y  f l o w i n g  p o r e  f l u i d s ,  
n o t  i n  e q u i l i b r i u m  w i t h  t h e  l i m e s t o n e ,  a l t e r i n g  t h e  m a t e r i a l  a s  i t  f l o w s .  
T h e  p a t n  t a k e n  b y  t h e  f l u i d s  w i l l  b e  a l o n g  t h a t  o f  l e a s t  r e s i s t a n c e ,  o r  
t h e  i n t e r c o n n e c t e d  p o r e s  a v a i l a b l e  i n  t h e  r o c k .  T h e r e f o r e ,  o n e  o f  t h e  
p r i n c i p a l  f a c t o r s  i n f l u e n c i n g  t h e  d o l o m i t i z a t i o n  p r o c e s s  i s  t h e  
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i n t e r c o n n e c t e d  p o r e s  s p a c e  a s  r e l a t e d  t o  t h e  s i z e  o f  t h e  p o r e s  a n d  t h e i r  
l o c a t i o n  i n  t h e  c a r b o n a t e  r o c k .  
F e r g u s o n  Q u a r r y  
I n s p e c t i o n  o f  t h e  d a t a  p r e s e n t e d  i n  F i g u r e  2 1  i n d i c a t e s  a  r e l a t i o n ­
s h i p  b e t w e e n  d o l o m i t i z a t i o n  a n d  t h e  p o r e  v o l u m e - p o r e  r a d i i  e x i s t s .  T h e  
s i g n i f i c a n c e  o f  t h i s  r e l a t i o n s h i p  i s  t h a t  i t  s h o w s  t h e  c o n t r o l  o f  d o l o m i t i -
z a t i o n  b y  t h e  a v a i l a b i l i t y  o f  i n t e r c o n n e c t e d  p o r e s  t o  t h e  f l u i d s .  I n  t h e  
p e l o i d  l i m e s t o n e  t h e  p r e d o m i n a n t  p o r e  s p a c e  i s  i n  t h e  0 . 2  m i c r o n  a n d  l e s s  
s i z e  r a n g e .  T h i s  s i z e  r a n g e  i s  l o c a t e d  b o t h  i n  t h e  p e l o i d s  a n d  t h e  
b o u n d a r y  r e g i o n  b e t w e e n  t h e  p e l o i d s  a n d  t h e  s p a r r y  c c l c i i e  m a t r i x .  V i s u a l  
o b s e r v a t i o n s  o f  b l e e d i n g  o f  m e r c u r y  f r o m  s p e c i m e n s  a f t e r  h i g h  p r e s s u r e  
i m p r e g n a t i o n  t e s t s  i n d i c a t e d  t h a t  m o s t  o f  t h e  b l e e d i n g  o c c u r r e d  f r o m  t h e  
b o u n d a r y  r e g i o n .  T h u s  i t  i s  p o s t u l a t e d  t h a t  t h e  f l u i d  f l o w  w i l l  b e  
p r e d o m i n a t e l y  t h r o u g h  t h i s  b o u n d a r y  r e g i o n  a n d  f o r m a t i o n  o f  d o l o m i t e  i s  
o b s e r v e d  t o  b e g i n  h e r e  o n  t h e  b a s i s  o f  p a r a g e n e t i c  e v i d e n c e  ( F i g u r e  8 ) .  
T h e  c o n t i n u e d  f o r m a t i o n  o f  d o l o m i t e  r h o m b s  i n  t h i s  z o n e  c r e a t e s  a n d  
e x t e n d s  l o c a l l y  a  r e g i o n  w i t h  l a r g e r  p o r e  r a d i i  d u e  t o  t h e  r a n d o m  p a c k i n g  
o f  t h e  r h o m b s  t h e r e b y  s e l e c t i v e l y  c h a n n e l i n g  p o r e  f l u i d s  a l o n g  t h i s  n e w  
z o n e .  P h y s i c a l  e v i d e n c e  f o r  g r a i n  b o u n d a r y  c o n t r o l  o f  t h e  f l u i d s  i s  
i n d i c a t e d  b y  f o r m a t i o n  o f  a  l a r g e r  r a d i i  s h o u l d e r  o n  t h e  c u r v e  s h o w i n g  
t h e  p o r e  v o l u m e - p o r e  r a d i i  r e l a t i o n s h i p  i n  t h e  i n i t i a l  t r a n s i t i o n  r e g i o n  
( F i g u r e  2 1 ) .  P r o g r e s s i v e  a l t e r a t i o n  p r o d u c e s  a  s l i g h t l y  b i m o d e l  d i s t r i b u ­
t i o n  o f  t h e  p o r e  v o l u m e - p o r e  r a d i i  a s  t h e  s p a r r y  c a l  c i  t e  i s  s e l e c t i v e l y  
r e p l a c e d .  T h i s  s e c o n d a r y  p e a k  f o r  t h e  l a r g e r  r a d i u s  p o r e s  i s  i n t e r p r e t e d  
a s  a n  i n c r e a s e  i n  p o r e  s i z e  w h i c h  c a n  b e  a t t r i b u t e d  t o  t h e  p a c k i n g  o f  
F i g u r e  2 1 .  V a r i a t i o n  o f  p h y s i c a l  a n d  c h e m i c a l  p a r a m e t e r s  a s  t o  p o s i t i o n  
f r o m  i n t e r f a c e  b e t w e e n  t h e  z o n e s  f o r  t h e  F e r g u s o n  Q u a r r y  
s a m p l e s  
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d o l o m i t e  r h o m b s  b e i n g  m o r e  o p e n  t h a n  t h e  i n t e r l o c k i n g  s p a r r y  c a l  c i  t e  
m a t r i x .  T h e  s m a l l  r a d i u s  p e a k  i s  c o n s i d e r e d  t h a t  p o r t i o n  o f  t h e  v o i d  
s p a c e  r e g a i n i n g  i r .  t h e  ' j r . r e p l a c e d  p e l o i d s  o f  t h e  t r a n s i t i o n  z o n e  s a m p l e s .  
F o l l o w i n g  c o m p l e t e  r e p l a c e m e n t  o f  s p a r r y  c a l  c i  t e ,  t h e  p e l o i d s  a r e  r e p l a c e d  
i n  a  v a r i e t y  o f  w a y s  r a n g i n g  f r o m  c e n t r i p e t a l  r e p l a c e m e n t  t o  t r a n s e c t i n g  
f r o n t s  a c r o s s  t h e  o v o i d s .  T h e  f i n a l  r e s u l t  o f  t h e  r e p l a c e m e n t  i s  a  m o s a i c  
o f  r a n d o m l y  o r i e n t e d  d o l o m i t e  r h o m b s  w i t h  v a r y i n g  d e g r e e s  o f  p o r e  s p a c e  
p r e d o m i n a t e l y  i n  t h e  p o r e  s i z e  r a n g e  o f  1 - 2 0  m i c r o n s .  I n  t h i s  p e t r o g e n i c  
m o d e l  f l o w  o f  t h e  f l u i d s  r e s p o n s i b l e  f o r  d o l o m i t i z a t i o n  h a s  b e e n  c o n t r o l l e d  
b y  i n t e r c o n n e c t e d n e s s  o f  t h e  p o r e s  a s  r e l a t e d  t o  g r a i n  b o u n d a r i e s .  
A d d i t i o n a l  e v i d e n c e  f o r  s e l e c t i v e  r e p l a c e m e n t  o f  s p a r r y  c a l  c i  t e  f i r s t  
i s  c o n s i d e r e d  t o  b e  r e l a t e d  t o  t w i n n i n g  o f  t h e  s p a r r y  c a l  c i  t e  a s  o b s e r v e d  
i n  t h i n  s e c t i o n s  ( F i g u r e  5 )  a s  t w i n n e d  c r y s t a l s  a r e  m o r e  r e a c t i v e  r e l a t i v e  
t o  u n t w i n n e d  c r y s t a l s .  O t h e r  e v i d e n c e  f o r  t h i s  s e l e c t i v i t y  w a s  o b s e r v e d  
d u r i n g  c a r b o n a t e  p h a s e  s t u d i e s  w h e n  t h e  p e l o i d  a n d  s p a r r y  c a l  c i  t e  w e r e  
s e p a r a t e d  b y  c r u s h i n g  o f  F e r g u s o n  Q u a r r y  s a m p l e s .  I t  w a s  n o t e d  t h a t  a f t e r  
c r u s h i n g  t h e  p e l o i d s  g e n e r a l l y  r e m a i n e d  a s  d i s c r e t e  e n t i t i e s  w h e r e a s  t h e  
s p a r r y  c a l  c i  t e  w a s  r e d u c e d  t o  a  s h a t t e r e d  m a s s  o f  c l e a v a g e  f r a g m e n t s .  T h i s  
i n d i c a t e s  t h a t  t h e  p e l o i d s  c o n s i s t i n g  o f  m i c r o c r y s t a l l i n e  c a l  c i  t e  w e r e  
b e t t e r  i n d u r a t e d  a n d  p r o b a b l y  l e s s  p e r m e a b l e .  T h e  s e l e c t i v i t y  o f  d o l o m i t e  
r e p l a c e m e n t  f o r  zhe  s p a r r y  c a l  c i  t e  m a t r i x  w a s  a l s o  n o t e d  b y  S e a l  e s ( 1 9 6 5 )  
i n  h i s  s t u d y  o f  p e l l e t e d  l i m e s t o n e  d i a g e n e s i s .  H o w e v e r ,  B e a l e s  d i d  n o t  
p u r s u e  t h e  c a u s e  o f  t h i s  s e l e c t i v i t y .  I n  t h i s  s t u d y  t h e  s e l e c t i v i t y  o f  
s p a r r y  c a l  c i  t e  t o  d o l o m i t i z a t i o n  i s  i n f e r r e d  t o  b e  t h e  i n f l u e n c e  o f  t e x t u r e ,  
s t r u c t u r a l  c o n t r o l  a n d  f l u i d  f l o w .  T h e  o o r e  r a d i i  v a r i a b i l i t y  w i t h  
d o l o m i t i z a t i o n  d e m o n s t r a t e d  i n  F i g u r e  2 1  s h o w s  t h e  l o c a l  
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m i c r o - p c r e - e n v i r c n m e n t  e x e r t s  s u b s t a n t i a l  c o n t r o l  c f  t h e  c a l  c i  t e  -  d o l o m i t e  
e x c h a n g e  d u r i n g  t h e  r e p l a c e m e n t  p r o c e s s .  
R a n d a l  1  Q u a r r y  
T h e  d o l o m i t i z a t i o n  s y s t e m  s a m p l e d  h e r e  d i f f e r s  f r o m  t h a t  a t  F e r g u s o n .  
T h e  l i m e s t o n e  i s  o f  a  l i t h o g r a p h i c  t e x t u r e  i n  c o n t r a s t  t o  t h e  p e l o i d  
l i m e s t o n e  o f  F e r g u s o n .  A l s o ,  t h e  d o l o m i t e s  h e r e  c o n s i s t  o f  a  d e n s e ,  
i n t e r l o c k i n g ,  r a n d o m l y  o r i e n t e d ,  a n h e d r a l  m o s a i c  o f  d o l o m i t e  g r a i n s  
( F i g u r e  2 2 ) .  H o w e v e r ,  l a c k  o f  t r a n s i t i o n  z o n e  s a m p l e s  d o e s  n o t  y i e l d  
e n o u g h  p a r a g e n e t i c ,  p h y s i c a l  a n d  c h e m i c a l  e v i d e n c e  o f  t h e  t r a n s i t i o n  t o  
p r e s e n t  a  t h o r o u g h  d i s c u s s i o n  o f  h o w  t h e  d o l o m i t i z a t i o n  o c c u r s .  H o w e v e r ,  
b y  a n a l o g y  t h e  p r o c e s s  w o u l d  b e  c o n t r o l l e d  b y  t h e  a v a i l a b l e  i n t e r ­
c o n n e c t e d  p o r e  s p a c e  f o r  f l u i d  f l o w .  
T h e  l i t h o g r a p h i c  l i m e s t o n e  h a s  a b o u t  o n e - h a l f  o f  i t s  p o r e  s p a c e  i n  
t h e  0 . 2 - 0 . 0 5  m i c r o n  s i z e  r a n g e  a n d  t n e  r e m a i n d e r  i n  t h e  l e s s  t h a n  0 . 0 5  
m i c r o n  s i z e s .  T h i s  i m p l i e s  t h a t  a  l o w  p e r m e a o i l i t y  e x i s t s  a n d  t h u s  a  n e e d  
f o r  g r e a t e r  f l u i c  p r e s s u r e  d i  f  f e r e n t i  e l  s  o r  l o n g e r  t i m e  i n t e r v a l s  f o r  
f l u i d  f l o w .  T h o u g h  g r a i n  b o u n d a r y  c o n t r o l  i s  p r e s e n t ,  t h e  l a c k  o f  t w o  
d i s t i n c t  c a l  c i  t e  g r a i n  m o r p h o l o g i e s  t y p i c a l  o f  a  p e l o i d  l i m e s t o n e  a s  
c o n t r a s t e d  t o  t h e  l i t h o g r a p h i c  l i m e s t o n e  i m p l i e s  t h e  p r o c e s s  p r o b a b l y  
c o n t r o l l e d  m o r e  b y  d i f f u s i o n  o f  t h e  p o r e  f l u i d s  t h r o u g h o u t  t h e  r o c k  r a t h e r  
t h a n  r e s t r i c t i o n  o f  f l u i d  f l o w  t o  c e r t a i n  z o n e s .  I n  c o n t r a s t  t o  t h e  
l i m e s t o n e s ,  t h e  d o l o m i t e s  h a v e  v i r t u a l l y  a l l  o f  t h e  v o i d  s p a c e  i n  t h e  l e s s  
t h a n  0 . 0 5  m i c r o n  s i z e  r a n g e .  T h u s  b e f o r e  a n d  a f t e r  e v i d e n c e  f r o m  c h e m i c a l  
^  y —  J  .  .  ^  Z  J  .  «  ^  -  I  1  ^  ^  
C l l l O  V U l U  V  w  !  C  I  I  I  I  I  I  I  y  i i n a W ' w  w  V ,  '  . w > - .  . s - / »  w . » * - .  
l o w e r  p o r t i o n  o f  t h e  R a n d a l l  s a m p l e s .  T h e  u p p e r  R a n d a l l  Q u a r r y  s a m p l e s  
F i g u r e  2 2 .  V a r i a t i o n  o f  p h y s i c a l  a n d  c h e m i c a l  p a r a m e t e r s  a s  t o  p o s i t i o n  
f r o m  i n t e r f a c e  b e t w e e n  t h e  z o n e s  f o r  R a n d a l l  Q u a r r y  s a m p l e s  
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s e t s  d e m o n s t r a t e  a n  i n c r e a s e  i n  p o r e  v o l u m e  s i m i l a r  t o  t h e  F e r g u s o n  Q u a r r y .  
D o l o m i t i z a t i o n  a s  s a m p l e d  a t  R a n d a l l  d e m o n s t r a t e s  a  d i f f e r e n t  t y p e  
o f  p r o c e s s  i n  t h a t  i t  a p p e a r s  t o  b e  m e r e  o f  a  d i f f u s i c n a l  n a t u r e  a l o n g  
m i n u t e  p o r e  s p a c e s  t h r o u g h o u t  t h e  l i m e s t o n e  w h e r e  t h e  p o r e  f l u i d s  a r e  n o t  
r e s t r i c t e d  t o  c e r t a i n  z o n e s  w i t h i n  t h e  r o c k  a s  i s  t h e  c a s e  a t  F e r g u s o n .  
S u c h  a  p r o c e s s  w o u l d  i m p l y  l e s s  s e l e c t i v i t y  d u r i n g  d o l o m i t i z a t i o n .  A g a i n  
t h e  r e p l a c e m e n t  i s  c o n s i d e r e d  t o  b e  v i a  l e a c h i n g  a n d  d e p o s i t i o n  a l o n g  
g r a i n  b o u n d a r y  f i l m s .  
C o m p e t i n g  R e a c t i o n s  a n d  C o m p l e x i t y  o f  t h e  P r o c e s s  
T h e  p r o c e s s  o f  d o l o m i t i z a t i o n  s t u d i e d  i s  n o t  l i m i t e d  t o  j u s t  a n  
e x c h a n g e  o f  m a g n e s i u m  f o r  c a l c i u m  i n  t h e  c a r b o n a t e  s t r u c t u r e ,  b u t  a l s o  
i n t r o d u c t i o n  o f  a d d i t i o n a l  i o n s  o f  i r o n  a n d  m a n g a n e s e  i n  s o l i d  s o l u t i o n .  
T h e  s o l i d  s o l u t i o n  o f  i r o n  i n  t h e  d o l o m i t e s  a t  F e r g u s o n  h a s  a l s o  b e e n  
n o t e d  b y  I s e n b e r g e r  ( 1 9 6 5 ) .  T h e  i n c r e a s e  o f  i r o n  a n d  m a n g a n e s e  i n  t h e  
c a r b o n a t e  p h a s e s  i s  q u i t e  c o m m o n  i n  e p i g e n e t i c  d o l o m i t e s  ( H e w e t t ,  1 9 2 8 ) .  
O t h e r  r e a c t i o n s  a r e  a l s o  o c c u r r i n g  s i m u l t a n e o u s l y  w i t h  d o l o m i t i z a ­
t i o n ,  c o m p e t e  f o r  t h e  a v a i l a b l e  s p a c e  a n d  i n c l u d e  i n t r o d u c t i o n  o f  p y r i t e ,  
q u a r t z  a n d  c l a y  p h a s e s  ( T a b l e s  5  a n d  5 ;  F i g u r e s  2 1  a n d  2 2 ) .  A l s o ,  t h e s e  
p h a s e s  a r e  3  t o  1 0  t i m e s  g r e a t e r  i n  a b u n d a n c e  t h a n  t h e  l i m e s t o n e s .  T h u s  
d o l o m i t i z a t i o n  c o m m o n l y  i n c l u d e s  i n t r o d u c t i o n  o f  o t h e r  n o n c a r b o n a t e  
m a t e r i  a l .  
B e c a u s e  a  v a r i e t y  o f  i o n s  a r e  i n v o l v e d  i n  d o l o m i t i z a t i o n  i t  i s  
n e c e s s a r y  t o  s p e c u l a t e  o n  t h e  t y p e  o f  f l u i d  r e s p o n s i b l e  f o r  t h e  d o l o m i t i z a ­
t i o n .  O t h e r  m i n o r  e l e m e n t s  b e i n g  i n t r o d u c e d  i n c l u d e  i r o n ,  m a n g a n e s e ,  
s o d i u m ,  p o t a s s i u m  a n d  s u l f a t e .  I n s p e c t i o n  o f  E h - p H  d i a g r a m s  ( G a r r e l s  
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a n d  C h r i s t ,  1 9 5 5 ;  K r u m b e i n  a n d  G a r r e l s ,  1 9 5 2 )  f o r  i r o n  a n d  m a n g a n e s e  i n  
p r e s e n c e  o f  s u l f u r  a n d  c a r b o n  d i o x i d e  i n d i c a t e  t h a t  t h e s e  i o n s  w o u l d  f o r m  
c a r b o n a t e s  u n d e r  r e d u c i n g  c o n d i t i o n s ,  i n  a  p H  r a n g e  o f  7 - 1 0  a n d  t h a t  
p y r i t e  i s  s t a b l e  i n  t h i s  e n v i r o n m e n t .  T h e  p r e s e n c e  o f  a  m i n o r  a m o u n t  o f  
i r o n  s u b s t i t u t i o n  i n  t h e  c a r b o n a t e s  p e r h a p s  i n d i c a t e s  p r e s e n c e  o f  a  h i g h  
C O 2  c o n t e n t  i n  t h e  f l u i d s  d u e  t o  l e a c h i n g  o f  t h e  C a C O ^ .  T h i s  s i t u a t i o n  
w o u l d  b e  p o s s i b l e  a s  a  l e a c h i n g  a n d  r e d e p o s i t i o n  p r o c e s s  o f  r e p l a c e m e n t  
w i t h  i n c o r p o r a t i o n  o f  F e ^ ^  a t  t h i s  t i m e .  T h e  i n c r e a s e  o f  K ^ ,  N a * ,  C O ? "  
2 -
a n d  S O ^  i n  t h e  d o l o m i t e s  t e n d s  t o  c o n f i r m  t h a t  t h e  p o r e  f l u i d s  a r e  s a l i n e  
2-  2-i n  n a t u r e  a n d  t h e  p r i n c i p a l  a n i e n s  a r e  C O ^  a n d  S 0 ^ ~ .  B e c a u s e  o f  a  l a c k  
o f  d o l o m i t e  z o n a t i o n  o f  t h e  F e r g u s o n  Q u a r r y  t h e  p o r e  f l u i d s  r e s p o n s i b l e  a r e  
c o n s i d e r e d  t o  h a v e  b e e n  r a t h e r  u n i f o r m  i n  c o m p o s i t i o n  t h r o u g h o u t  t h e  
p r o c e s s .  
S e m i - q u a n t i t a t i v e  t e s t s  f o r  t o t a l  c h l o r i d e  c o n t e n t  ( T a b l e  8 )  o f  
s e l e c t e d  l i m e s t o n e s  a n d  d o l o m i t e s  b y  n i t r i c  a c i d  d i s s o l u t i o n  a n d  u s i n g  
m o v ^ r i j r - î r  n  g i l v g r »  n i f r a r o  r  i  f  i  o n e  f h a  r h l n v n n û c  
i n  t h e  l i m e s t o n e s .  T h i s  i s  a n  i n v e r s e  r e l a t i o n s h i p  t o  S 0 ^ ~  c o n t e n t  a n d  
p r e s u m e d  t o  b e  a  r e s u l t  o f  t h e  l e a c h i n g  o f  t h e  c a l  c i  t e  i n  w h i c h  t r a p p e d  
c h l o r i d e  s a l t s  i n  g r a i n  b o u n d a r i e s  a n d  f l u i d  i n c l u s i o n s  a r e  r e l e a s e d  a n d  
2_ f l u s h e d  o u t  b y  t h e  p o r e  f l u i d s .  T h e  i n c r e a s e  o f  S O ^  i s  c o n s i d e r e d  
i n d i c a t i v e  t h a t  d o l o m i t i z a t i o n  w a s  d u e  t o  a  s u l f a t e - r i c h  p o r e  f l u i d  
r e a c t i n g  t o  f o r m  d o l o m i t e .  
T h e  t r a c e  e l e m e n t s  S r ,  C u ,  P b ,  a n d  Z n  a n a l y z e d  d o  n o t  i n d i c a t e  a n y  
d e g r e e  o f  r e l a t i o n s h i p  w i t h  d o l o m i t i z a t i o n .  T h e  t r a c e  e l e m e n t s  C u ,  P b  
a n d  Z n  a n a l y z e d  w e r e  s e l e c t e d  o n  t h e  b a s i s  o f  s e v e r a l  o c c u r r e n c e s  c f  
s p h a l e r i t e  i n  t h e  F e r g u s o n  Q u a r r y .  T h e r e  i s  a  g e n e r a l  d e c r e a s e  o f  S r  
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T a b l e  8 .  C h l o r i d e  c o n t e n t  o f  s e l e c t e d  s a m p l e s  
S a m p l e  C h l o r i d e  -  p p m  L i t h o l o g y  
F e r g u s o n  13-1-2 5  D o l o m i  t e  
1 -8 186 L i  m e s  t o n e  
F e r g u s o n  13-5-14 1 1  D o l o m i  t e  
5 - 1 7  1 7 0  L i m e s t o n e  
R a n d a l  1  R 4 C  3 7  D o l o m i  t e  
R4B 205 L i  m e s  t o n e  
a n d  P b  w i t h  d o l o m i t i z a t i o n ;  w h e r e a s  z i n c  a n d  c o o p e r  t e n d  t o  b e  l e s s  
d e f i n i t i v e  i n  t h e i r  c h a n g e s  a n d  a  p a t t e r n  i s  n o t  d i s c e r n i b l e .  T h e  S r  a n d  
P b  c h a n g e s  a r e  e x p e c t e d  b e c a u s e  t h e y  a r e  l a r g e  r a d i u s  c a t i o n s  a n d  w o u l d  
b e  p r e f e r e n t i a l l y  e x c l u d e d  f r o m  t h e  d o l o m i t e  s t r u c t u r e  w h i c h  p r e f e r s  
s m a l l e r  c a t i o n s  r e l a t i v e  t o  t h e  c a l  c i  t e  s t r u c t u r e .  I t  i s  a p p a r e n t  t h a t  S r  
OK " Î / - N o c  K o  n  3  w c  P C  o v n o r f o n  f  t oo  r a r h n n p f o  c  f  r  1 1  r  f  1 1  r A Q  n r e c o n f  T h e »  
o t h e r  t w o  t r a c e  e l e m e n t s  C u  a n d  Z n  d o  n o t  s h o w  a n y  d e f i n i t i v e  r e l a t i o n s h i p  
w i t h  d o l o m i t i z a t i o n .  A t  t h e  p r e s e n t  t i m e  f u r t h e r  s t u d y  o f  t h e s e  a n d  o t h e r  
t r a c e  e l e m e n t s  f o r  t h e  s a m p l e s  c o u l d  b e  p u r s u e d  b u t  p r o b a b l y  w o u l d  n o t  
c o n t r i b u t e  m u c h  n e w  i n s i g h t  i n t o  t h e  c o n c l u s i o n s  a l r e a d y  d r a w n  f o r  t h e  
p r o c e s s .  
E a r l i e r  i t  w a s  p o s t u l a t e d  t h a t  t h e  p o r e  v o l u m e - p o r e  r a d i i  r e l a t i o n s h i p  
i n f l u e n c e d  t h e  f l o w ,  l o c a t i o n  a n d  s e l e c t i v i t y  o f  d o l o m i t i z a t i o n  b y  
c o n s t r a i n i n g  t h e  p o r e  f l u i d s  t o  c e r t a i n  p a t h s  i n  t h e  r o c k .  H o w e v e r ,  
s e v e r a l  p r o b l e m s  s t i l l  n e e d  t o  b e  a n s w e r e d .  I f  o n e  a s s u m e s  t h e  l i m e s t o n e  
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i s  i n i t i a l l y  s a t u r a t e d  w i t h  p o r e  f l u i d s ;  w h a t  h a p p e n s  t o  t h i s  f l u i d ,  h o w  
d o e s  i t  a f f e c t  d o l o m i t i z a t i o n ?  G e n e r a l l y ,  t h i s  f l u i d  h a s  b e e n  i g n o r e d  a s  
t h e  i n v e s t i g a t o r  a s s u m e s  t h e  p r o c e s s  o c c u r s  a s  a  c h e m i c a l  f r o n t  p a s s e s  
t h r o u g h ,  a l t e r i n g  t h e  r o c k  a s  i t  a d v a n c e s .  L o v e r i n g  ( 1 9 6 9 )  a n d  U s d o w s k i  
{ 1 9 6 8 )  c i r c u m v e n t e d  t h i s  p r o b l e m  b y  a s s u m i n g  t h e  e x i s t i n g  p o r e  s o l u t i o n s  
w e r e  h e a t e d  w h i c h  p u t  t h e  s o l u t i o n s  i n t o  t h e  d o l o m i t e  s t a b i l i t y  f i e l d  w i t h  
t h e  r e s u l t a n t  r e p l a c e m e n t .  
T h e  p h e n o m e n o n  t h a t  d o l o m i t i z a t i o n  c o u l d  o c c u r  i n  t h e  z o n e  o f  m i x i n g  
b e t w e e n  t w o  d i f f e r e n t  p o r e  f l u i d s  w a s  a d v a n c e d  b y  H a n s h a w  e ^  ( 1 9 7 1 ) .  
T h e y  p o s t u l a t e d  t h a t  w h e n  t w o  s e p a r a t e  s o l u t i o n s  b o t h  i n  e q u i l i b r i u m  w i t h  
c a l  c i  t e  a n d  d o l o m i t e  a r e  m i x e d ,  t h e  r e s u l t i n g  s o l u t i o n  m a y  b e c o m e  u n d e r  
s a t u r a t e d  w i t h  r e s p e c t  t o  c a l c i t e  c a u s i n g  s o l u t i o n  o f  t h e  c a l c i t e  a n d  
p r e c i p i t a t i o n  o f  t h e  d o l o m i t e .  T h e  m i x i n g  o f  t w o  s a t u r a t e d  s o l u t i o n s  a n d  
o b t a i n i n g  u n d e r  s a t u r a t i o n s  w i t h  r e s p e c t  t o  t h e  m i n e r a l  w a s  d e m o n s t r a t e d  
b y  R u n n e l l s ( 1 9 6 9 )  a n d  H o l l a n d  ( 1 9 5 4 ) .  A l s o ,  h o w  i s  t h e  i n c r e a s e  o f  s i l i c a  
r e l a t e d  t o  t h e  d o l o m i t i z a t i o n  a s  o b s e r v e d  i n  t h e  s a m p l e s ?  I f  d o l o m i t i z a ­
t i o n  d o e s  o c c u r  i n  t h e  z o n e  o f  m i x i n g ,  d o  p o s s i b l e  c h a n g e s  i n  p n  i n f l u e n c e  
s i l i c a  s a t u r a t i o n  w i t h  t h e  d o l o m i t i z a t i o n ?  
I f  o n e  a s s u m e s  t h a t  d o l o m i t i z a t i o n  o c c u r s  a s  a  s e q u e n t i a l  l e a c h i n g  a n d  
d e p o s i t i o n  i n  a  z o n e  o f  m i x i n g  b e t w e e n  t w o  p o r e  f l u i d s ;  a  l i m e s t o n e  p o r e  
f l u i d ,  a n d  a  s a l i n e  d o l o m i t e  p o r e  f l u i d  b o t h  s e p a r a t e l y  i n  e q u i l i b r i u m  
w i t h  t h e  p h a s e s  c a l c i t e  a n d  d o l o m i t e .  T h e  s a l i n e  p o r e  f l u i d  p r o b a b l y  
c o n t a i n s  F e ^ ' ,  M n ' ,  N a ' ,  K ^ ,  C a ^ ^ \  M g ^ ^ ,  S o | ~ ,  a n d  H C O ^  i o n s .  I f  t h i s  
p o r e  s o l u t i o n  i s  o f  h i g h  p H > 8 . 5 - 9 . 0  t h e r e  c a n  b e  a  m u c h  l a r g e r  a m o u n t  o f  
d i s s o l v e d  s i l i c a  p r e s e n t  i n  t h i s  s o l u t i o n  t h a n  n o r m a l l y  p r e s e n t  i n  m o s t  
p o r e  w a t e r s .  K r a u s k o p f  ( 1 9 6 7 )  s u m m a r i z e d  t h a t  t h e  s i l i c a  s o l u b i l i t y  
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l i m i t  a s  b e i n g  a p p r o x i m a t e l y  1 0  p p m  b e l o w  8 . 5  p H  b u t  i n c r e a s e s  r a p i d l y  
w i t h  i n c r e a s i n g  p H  a b o v e  8 . 5 .  W h e n  m i x i n g  o c c u r s ,  c a u s i n g  u n d e r s a t u r a t i o n  
w i t h  r e s p e c t  t o  c a l c i t e ,  l e a c h i n g  o f  t h e  c a l c i t e  o c c u r s .  T h i s  c a u s e s  a  
t e m p o r a r y  l o c a l  h i g h  c o n c e n t r a t i o n  o f  H C O ^ ,  O H "  a n d  C a ^ ^ ,  a s  w e l l  a s  
r a i s i n g  t h e  p H .  S u b s e q u e n t  p r e c i p i t a t i o n  o f  d o l o m i t e  w i l l  c a u s e  a  r e d u c ­
t i o n  o f  t h e  H C O g  a n d  O H  c o n t e n t  l o w e r i n g  t h e  p H .  W h e n  t h i s  r e d u c t i o n  o f  
p H  o c c u r s ,  s u p e r s a t u r a t i o n  o f  t h e  s o l u t i o n  w i t h  r e s p e c t  t o  s i l i c a  m a y  
o c c u r  a n d  p r e c i p i t a t i o n  o f  s i l i c a  a f t e r  t h e  d o l o m i t e .  T h i s  p H  c o n t r o l  a n d  
c a r b o n a t e  d e p o s i t i o n  w a s  n o t e d  a s  a  p o s s i b l e  r e a c t i o n  c o u p l e  f o r  c h e r t  
f o r m a t i o n  b y  K r a u s k o p f  ( 1 9 5 7 ) .  A  p o s s i b l e  l o c a l  s o u r c e  o f  s i l i c a  a t  
F e r g u s o n  i s  t h e  o v e r l y i n g  g r e e n  d o l o m i t e  b a n d ,  w h i c h  c o n t a i n s  5 - 1 0  p e r c e n t  
s i l i c a  i n  t h e  f o r m  o f  m i c r c c r y s t a l l i n e  q u a r t z .  S i l i c a  c o u l d  h a v e  b e e n  
m o b i l i z e d  f r o m  t h i s  z o n e  b y  t h e  f l u i d s  a n d  p r e c i p i t a t e d  d u r i n g  d e p o s i t i o n  
o f  t h e  d o l o m i t e  i n  t h e  s a m p l e d  d o l o m i t e s .  A t  t h e  R a n d a l l  Q u a r r y  a n  
i n c r e a s e  o f  s i l i c a  i s  a l s o  n o t e d  a n d  a g a i n  a s s u m e d  t o  b e  b r o u g h t  a b o u t  b y  
d o l o m i t i z a t i o n .  
T h e r e f o r e  i t  i s  p o s s i b l e  t h a t  m i x i n g  o f  t w o  f l u i d s  c o u l d  b e  r e s p o n s i b l e  
f o r  d o l o m i t i z a t i o n  o f  l i m e s t o n e s .  A l s o ,  p H  c o n t r o l  o f  t h e  l e a c h i n g  a n d  
d e p o s i t i o n  p r o c e s s  c a n  b e  u s e d  t o  e x p l a i n  t h e  s i l i c a  i n c r e a s e  a s s o c i a t e d  
w i t h  d o l o m i t i z a t i o n .  T h e  c o n t r o l  o f  d o l o m i t i z a t i o n  b y  a l k a l i n i t y  a n d  
s a l i n i t y  h a s  b e e n  a d v a n c e d  b y  L i p p e r m a n  ( 1 9 6 8 ) ,  S k i n n e r  ( 1 9 6 3 ) ,  B a r n e s  a n d  
O'Nei l  ( 1 9 7 1 ) .  
R e l a t i o n  o f  M o d e l  t o  N a t u r e  
I n  s u m m a r y  i t  i s  p r o p e r  t o  a s k  w h e t h e r  t h e  p e t r o g e n i c  m o d e l s  f o r  
d o l o m i t i z a t i o n  p o s t u l a t e a  a b o v e  a r e  v a l i d  w h e n  c o m p a r e d  t o  d o l o m i t i z a t i o n  
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a s  o b s e r v e d  i n  n a t u r e .  T w o  p o s s i b i l i t i e s  c a n  b e  p o s t u l a t e d  f o r  c o m p a r i s o n  
o f  t h e  p r o p o s e d  m o d e l  t o  d o l o m i t i z a t i o n  a c t u a l l y  o b s e r v e d :  
( 1 )  I f  t h e  r e a c t i o n  o c c u r s  i n  a  m o l e - f o r - m o l e  b a s i s ,  t w o  p o s s i ­
b i l i t i e s  e x i s t .  
( a )  I f  t h e  r e a c t i o n  o c c u r r e d  t h r o u g h o u t  t h e  e n t i r e  r o c k  a s  a  
c o m p l e t e l y  h o m o g e n e o u s  p r o c e s s ,  n o  p o r o s i t y  w o u l d  r e s u l t  b e c a u s e  
c o l l a p r e  o f  t h e  o p e n  s p a c e  d u e  t o  o v e r b u r d e n  p r e s s u r e  ( a s s u m i n g  t h a t  
a d e q u a t e  s t a t i c  p r e s s u r e  e x i s t s ) .  
( b )  I f  t h e  r e a c t i o n  i s  l o c a l i z e d  i n  o n e  a r e a  o n l y ,  t h e n  a  
c a v i t y  r e p r e s e n t i n g  1 2 . 3 %  o f  i t s  f o r m e r  m a s s  v o l u m e  w o u l d  r e s u l t  i n  
t h i s  p l a c e .  
( 2 )  I f  d o l o m i t i z a t i o n  v a r i e s  f r o m  m o l e - t o - m o l e  t o  v o l u m e - f o r - v o l u m e  
a n d  o c c u r s  h e t e r e o g e n e o u s l y  t h r o u g h o u t  t h e  r o c k  w h e r e v e r  l o c a l  m i c r o -
e n v i r o n m e n t s  e x e r t  t h e  n e c e s s a r y  p h y s i c a l  c o n t r o l  f o r  t h e  a p p r o p r i a t e  
p r o c e s s ,  t h e  n e t  r e s u l t  w o u l d  d e m o n s t r a t e  l o c a l  p o r o s i t y  v a r i a t i o n s  
s c a t t e r e d  t h r o u g h o u t  t h e  r o c k .  
O f  t h e s e  t w o  p o s s i b i l i t i e s ,  t h e  l a t t e r  o r  a  h e t e r o g e n e o u s  p r o c e s s  r e l a t e s  
b e t t e r  t o  t h e  a c t u a l  r e s u l t s  o f  d o l o m i t i z a t i o n  o b s e r v e d .  T h e  i m p l i c a t i o n  
i s  t h a t  t h e  o v e r a l l  r e s u l t  w i l l  b e  a  s u m m a t i o n  o f  e a c h  m i c r o e n v i r o n m e n t  
c o n t r o l l e d  p r o c e s s  g i v i n g  a  g e n e r a l  t r e n d  o f  t h e  s y s t e m .  I f  e n o u g h  
s u p p o r t i n g  f r a m e w o r k  i s  r e t a i n e d ,  t h e r e  s h o u l d  b e  n o  t h i c k e n i n g  o r  t h i n n i n g  
o f  t h e  b e d s  i n d i c a t i v e  o f  n o  v o l u m e  c h a n g e  f o r  t h e  r o c k  d u r i n g  t h e  
d o l o m i t i z a t i o n .  H o w e v e r ,  l o c a l l y  a  w i d e  r a n g e  o f  p a r t i a l  v o l u m e  c h a n g e s  
c a n  o c c u r  w i t h i n  a s  l o n g  a s  a  f r a m e w o r k  i s  m a i n t a i n e d .  A l s o ,  m u c h  o f  w h a t  
o t h e r  i n v e s t i g a t o r s  h a v e  s a i d  d e p e n d s  o n  t h e i r  s c a l e  o f  o b s e r v a t i o n  u s e d  
f o r  d i s c u s s i n g  t r e n d s  o f  d o l o m i t i z a t i o n :  
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( 1 )  O u t c r o p  a n d  r e g i o n a l  s c a l e :  n o  o v e r a l l  v o l u m e  c h a n g e s .  
( 2 )  B l o c k  s a m p l e  s c a l e :  n o  o v e r a l l  v o l u m e  c h a n g e e s _  
( 3 )  C o r e  s a m p l e s :  p a r t i a l  v o l u m e s  d i f f e r  f r o m  s 5 a m p l e  t o  s a m p l e .  
I n  o t h e r  w o r d s ,  i t  i s  p e r h a p s  c l o s e r  t o  n a t u r e  t o  h a v e e  v a r i a t i o n s  e x i s t  
f o r  t h e  d o l o m i t i z a t i o n  p r o c e s s  f o r  e a c h  l o c a l  e n v i r o n r a m e n t  t h a n  t o  c o n s i d e r  
o n e  m e t h o d  o f  d o l o m i t e  r e p l a c e m e n t  a s  u n i f o r m l y  o c c u r r r i n g  t h r o u g h o u t  t h e  
r o c k .  
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C O N C L U S I O N S  
A  m o d e l  o f  a l t e r a t i o n  o r  r e p l a c e m e n t  i s  p r o p o s e d  b y  w h i c h  c h a n g e s  c a n  
o c c u r  w i t h i n  a  u n i t  c o n t a i n e r  v o l u m e .  T h i s  u n i t  c o n t a i n e r  v o l u m e  i s  
p a r t i t i o n e d  b e t w e e n  t h e  m a s s  a n d  v o i d  v o l u m e s ;  e a c h  o f  w h i c h  m a y  c h a n g e  
d u r i n g  t h e  r e p l a c e m e n t  p r o c e s s .  R e p l a c e m e n t  o f  r o c k s  o c c u r s  b y  i n t e r a c t i o n  
o f  m o v i n g  p o r e  f l u i d s  w i t h  t h e  m i n e r a l  p h a s e s  p r e s e n t ,  u s u a l l y  b y  l e a c h i n g  
a n d  d e p o s i t i o n .  T h u s  t h e r e  c a n  o c c u r  ( 1 )  c o m p l e t e  l e a c h i n g  o f  t h e  m a s s  
w i t h i n  t h e  c o n t a i n e r ,  ( 2 )  c o m p l e t e  d e p o s i t i o n  o f  m a t e r i a l  t o  f i l l  t h e  
a v a i l a b l e  v o i d  s p a c e ,  o r  ( 3 )  b o t h  l e a c h i n g  a n d  d e p o s i t i o n  a t  t h e  s a m e  t i m e .  
H o w e v e r ,  t h e  i m p o r t a n t  a s p e c t  i s  t h a t  l e a c h i n g  a n d  d e p o s i t i o n  r a i e s  c a n  b e  
i n d e p e n d e n t  o f  e a c h  o t h e r ,  w i t h  a  w i d e  r a n g e  o f  i n t e r c h a n g e  o f  m a s s  a n d  
v o i d  v o l u m e  p o s s i b l e .  T h u s  X  a m o u n t  o f  m a s s  c a n  b e  r e m o v e d ,  a n d  Y  a m o u n t  
o f  m a s s  c a n  b e  d e p o s i t e d ;  w h e r e  Y  c a n  b e  g r e a t e r  t h a n ,  l e s s  t h a n  o r  e q u a l  
t o  X .  A p p l i c a t i o n  o f  t h e  u n i t  c o n t a i n e r  v o l u m e  m o d e l  t o  s t u d y  o f  r e p l a c e ­
m e n t  a l l o w s  o n e  t o  a c c o u n t  f o r  c o m p o s i t i o n  -  v o l u m e  c h a n g e s  o c c u r r i n g  i n  
r ' 'C /J û rt rs T rt 3 v«o n 1 p r'O n'O n T ".foon fniç unit rontninpr 
v o l u m e  i s  u s e d  i n  s t u d y  o f  e p i g e n e t i c  d o l o m i t i z a t i o n  a n d  c o m p a r e d  t o  t h e  
m o d e s  o f  d o l o m i t i z a t i o n  g e n e r a l l y  u s e d  t o  e x p l a i n  t h e  p r o c e s s ,  i t  i s  s h o w n  
t h a t  d o l o m i t e  r e p l a c e m e n t  o c c u r s  w i t h  a  v a r i e t y  o f  c o m p o s i t i o n  v o l u m e  
r e l a t i o n s h i p s  t n a t  d o  n o t  c l u s t e r  a b o u t  e i t h e r  m o l e - f o r - m o l e  o r  v o l u m e -
f o r - v o l u m e .  T h e r e f o r e ,  a p p l i c a t i o n  o f  t h e  u n i t  c o n t a i n e r  v o l u m e  t o  
r e p l a c e m e n t  s t u d i e s  a p p e a r s  t o  e x p l a i n  b e t t e r  t h e  a c t u a l  f i e l d  o b s e r v a t i o n  
o f  e p i g e n e t i c  d o l o m i t i z a t i o n  t h a n  d o e s  t h e  c o m m o n l y  i n v o k e d  m o l e - f o r - m o l e  
o r  v o l u m e - f o r - v o l u m e .  
I n  d c l c m i t i z a t i o n  a  p e l o i d  l i m e s t o n e ,  t h e r e  o c c u r s  a  v a r i e t y  o f  
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m a s s  a n d  v o l u m e  c h a n g e s  w i t h i n  t h e  s y s t e m .  H a v e v e r ,  t h r o u g h  c o m b i n a t i o n  
o f  p o r e  v o l u m e - p o r e  r a d i u s  r e l a t i o n s h i p s ,  p o r e  v o l u m e  c h a n g e s ,  p é t r o ­
g r a p h i e  e v i d e n c e ,  c h e m i c a l  a n d  p h a s e  s t u d i e s  i t  i s  p o s t u l a t e d  t h a t  t h e  
d o l o m i t i z a t i o n  i s  c o n t r o l l e d  b y  l o c a l i z a t i o n  o f  t h e  p o r e  f l u i d  f l o w  t o  
c e r t a i n  c h a n n e l s  o r  p a t h w a y s .  I n i t i a l l y ,  t h e s e  p a t h w a y s  a r e  p r e d o m i n a t e l y  
a l o n g  t h e  b o u n d a r y  r e g i o n  b e t w e e n  t h e  p e l o i d s  a n d  t h e  s p a r r y  c a l  c i  t e  
m a t r i x  c o m m o n l y  l o c a l i z i n g  t h e  i n i t i a l  d o l o m i t e  f o r m a t i o n  t o  t h i s  r e g i o n .  
T h e  p o r e  f l u i d s  a r e  n o w  e v e n  m o r e  l o c a l i z e d  t o  t h i s  r e g i o n  a s  p a c k i n g  o f  
t h e  d o l o m i t e  r h o m b s  c r e a t e s  f e w e r  b u t  l a r g e r  p o r e s  a n d  s e l e c t i v e l y  r e p l a c e s  
t h e  s p a r r y  c a l c i t e  f i r s t .  T h e  i n t e r m e d i a t e  r e s u l t  i s  a  m a z e  o f  p e l o i d s  i n  
a  s p a r r y  d o l o m i t e  m a t r i x  w h i c h  m a i n t a i n s  t h e  f r a m e w o r k  o f  t h e  s y s t e m .  T h e  
r e a c t i v e  p o r e  f l u i d s  c o n t i n u e  t o  r e a c t  w i t h  t h e  r e m a i n i n g  p e l o i d s  b y  b o t h  
c e n t r i p e t a l l y  a n d  t r a n s e c t i n g  f r o n t  r e p l a c e m e n t s  o f  t h e  p e l o i d s  r e s u l t i n g  
i n  a  m o s a i c  o f  s u b h e d r a l  t o  e u h e d r a l  d o l o m i t e  g r a i n s .  T h u s  i n  p e l o i d  
l i m e s t o n e s  i t  i s  c o n s i d e r e d  t h a t  t h e  d o l o m i t i z a t i o n  i s  c o n t r o l l e d  b y  
l o c a t i o n  o f  i n t e r c o n n e c t e d  p o r e  s p a c e s .  
A n a l o g o u s  t o  t h e  p e l o i d  l i m e s t o n e ,  d o l o m i t i z a t i o n  o f  a  l i t h o g r a p h i c  
l i m e s t o n e  c o m p o s e d  o f  m i c r o c r y s t a l l i n e  c a l c i t e ,  i s  a g a i n  c o n t r o l l e d  b y  
t h e  i n t e r c o n n e c t e d  p o r e  s p a c e .  A p p a r e n t l y ,  t h e  l a c k  o f  g r a i n  s i z e  
d i f f e r e n c e s  d o e s  n o t  l o c a l i z e  f l o v j  o f  t h e  f l u i d s  t o  c e r t a i n  z o n e s  i n  t h e  
r o c k .  T h u s  t h e  f l u i d s  s h o u l d  p e r m e a t e  t h r o u g h o u t  t h e  l i m e s t o n e  a n d  s h o w  
l i t t l e  p r e f e r e n c e  t o  l o c a t i o n  o r  t y p e  o f  c a l c i t e  b e i n g  r e p l a c e d .  T h e  
i n t e r m e d i a t e  r e s u l t  o f  t h i s  d o l o m i t i z a t i o n  i s  c o n s i d e r e d  a  f l o a t i n g  r h o m b  
t e x t u r e .  T h e  d o l o m i t i z a t i o n  p r o c e s s  c o n t i n u e s  a n d  r e s u l t s  i n  a  d e n s e  
a n h e d r a l  m o s a i c  o f  d o l o m i t e  g r a i n s  a n d  a  n e t  l o s s  o f  p o r e  s p a c e  f o r  t h e  
R a n d a l l  q u a r r y .  
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G e n e r a l l y  t h e  F e r g u s o n  Q u a r r y  s a m p l e s  t e n d  t o  b e  b e t w e e n  m o l e - f o r -
m o l e  a n d  v o l u m e - f o r - v o l u m e  w i t h  a n  a v e r a g e  p o r o s i t y  i n c r e a s e  o f  3  p e r c e n t .  
I n  c o n t r a s t  t h e  l o w e r  p o r t i o n  o f  t h e  R a n d a l l  Q u a r r y  s a m p l e s  s n o w  a  2  
p e r c e n t  d e c r e a s e  i n  p o r o s i t y  w i t h  d o l o m i t i z a t i o n  o r  p o r e  f i l l i n g .  T h e  
u p p e r  s e t s  f r o m  R a n d a l l  s h o w  a  s i m i l a r  b e h a v i o r  t o  t h a t  a t  F e r g u s o n .  I n  
o r d e r  t o  b e t t e r  e x p l a i n  t h e s e  c h a n g e s  i t  i s  a s s u m e d  t h a t  d o l o m i t i z a t i o n  
o c c u r s  b y  a  t w o  s t e p  s e q u e n t i a l  l e a c h i n g  a n d  d e p o s i t i o n  p r o c e s s ,  w h e r e  t h e  
r a t e s  o f  l e a c h i n g  a n d  d e p o s i t i o n  c a n  d i f f e r .  T h u s  t h i s  s t u d y  p r o v i d e s  t h e  
e v i d e n c e  n e e d e d  t o  s u b s t a n t i a t e  t h e  e a r l i e r  p o s t u l a t e s  t h a t  d o l o m i t i z a t i o n  
o c c u r s  a s  a  l e a c h i n g  a n d  d e p o s i t i o n  p r o c e s s ,  w i t h  a  w i d e  r a n g e  o f  p o r o s i t y  
c h a n g e s  a l l o w a b l e  d e p e n d i n g  o n  t h e  r e l a t i v e  r a t e s  ( L a n d e s ,  1 9 4 6 ;  H e w e t t ,  
1 9 2 8 ) .  
H o w e v e r ,  d o l o m i t i z a t i o n  i s  n o t  t h e  o n l y  c h a n g e  i n  m a s s  o c c u r r i n g ,  
o t h e r  m a t e r i a l  b e i n g  a d d e d  i n c l u d e s  p y r i t e ,  s i l i c a ,  a n d  c l a y s .  T h u s  t h e s e  
o t h e r  p r o c e s s e s  a r e  a l s o  c o m p e t i n g  f o r  s p a c e  a l o n g  w i t h  d o l o m i t i z a t i o n  
a n d  c o m p l i c a t e  e v a l u a t i o n  o f  t h e  p r o c e s s e s .  A n o t h e r  f e e t  u r n  n f  d o " !  o ' " " ' t i  Z 2 -
t i o n  i s  t h e  i n c o r p o r a t i o n  o f  i r o n  a n d  m a n g a n e s e  i n t o  t h e  d o l o m i t e  s t r u c t u r e .  
A l s o  t h e r e  i s  a d d i t i o n a l  c a r b o n a t e  i o n s  i n t r o d u c e d  f r o m  t h e  f l u i d s  d u r i n g  
d o l o m i  t i  z a t i  o n .  
S p e c u l a t i o n  o f  t h e  t y p e  o f  f l u i d s  r e s p o n s i b l e  f o r  t h e  d o l o m i t i z a t i o n  
i n d i c a t e s  t h a t  t h e  f l u i d s  w e r e  p r o b a b l y  s a l i n e  a n d  o f  h i g h  p H .  N o t  o n l y  
2+ 
h a s  M g  b e e n  a d d e d  t o  t h e  d o l o m i t e  b u t  a l s o  N a ,  K ,  A 1 ,  F e ,  M n ,  S O ^ ,  a n d  
C O 2  i n d i c a t i n g  t h a t  p r o b a b l y  s u l f a t e - r i c h  s o l u t i o n s  a r e  r e s p o n s i b l e  f o r  
t h e  d o l o m i t i z a t i o n .  T h e  s i l i c a  i n c r e a s e  m a y  b e  d u e  t o  t h e  l o c a l i z e d  
c o n t r o l  o f  p H  a n d  s u p e r s a t u r a t i o n  a s  a  r e s u l t  o f  t h e  p r e c i p i t a t i o n  o f  t h e  
d o l o m i t e .  A n o t h e r  a s p e c t  o f  t h e  d o l o m i t i z a t i o n  f l u i d s  i s  t h e  i d e a  o f  t h e  
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r e p l a c e m e n t  o c c u r r i n g  a s  a  r e s u l t  o f  m i x i n g  o f  t w o  p o r e  f l u i d s .  T h i s  
m i x i n g  w o u l d  b e  b e t w e e n  t h e  f l u i d s  i n  t h e  d o l o m i t e  p e r v a d i n g  t h e  l i i r e s t o n e  
a n d  i t s  p o r e  f l u i d s .  T h i s  a s p e c t  h a s  b e e n  l a r g e l y  i g n o r e d  b y  m o s t  
i n v e s t i g a t o r s  b u t  m a y  b e  a n  e x p l a n a t i o n  o f  r e g i o n a l  d o l o m i t i z a t i o n  i n  t h e  
p a s t .  
F i n a l l y ,  i n  e v a l u a t i o n  o f  t h e  e x p e r i m e n t a l  d a t a  i t  w a s  o b s e r v e d  t h a t  
l o c a l  m i c r o e n v i r o n m e n t s  i n  t h e  s a m p l e s  t e n d e d  t o  s p r e a d  t h e  v a l u e s  a b o u t  
a  g e n e r a l  a v e r a g e  v a l u e  f o r  t h e  w h o l e  s a m p l e .  T h u s  t h e  m o d e l  c a n  b e t t e r  
e x p l a i n  t h e  n e t e r o g e n i e t y  o f  n a t u r e  o n  a  s m a l l  o b s e r v a t i o n a l  s c a l e ,  w h i c h  
o n  a  l a r g e  o b s e r v a t i o n a l  s c a l e  w o u l d  a o p e a r  t o  b e  h o m o g e n e o u s  c h a n g e s .  
T h o u g h  t h e  m o d e l  o f  r e p l a c e m e n t  p r o p o s e d  i s  a  s i m p l i f i e d  v i e w  o f  t h e  
c o m p l e x i t i e s  o f  n a t u r e  i t  g i v e s  a  b e t t e r  i n s i g h t  i n t o  t h e  o v e r a l l  c h a n g e s  
t h a t  h a v e  o c c u r r e d  i n  t h e  s y s t e m .  C a r e f u l  s e l e c t i o n  o f  s a m p l e s  a n d  
p é t r o g r a p h i e  e v i d e n c e  o f  m a i n t a i n i n g  o f  t h e  f r a m e w o r k  a l l o w s  u s e  o f  t h e  
u n i t  c o n t a i n e r  m o d e l  t o  a s c e r t a i n  t h e  c o m p o s i t i o n - v o l u m e  r e l a t i o n s h i p s  
i n  t h e  p a r e n t - d a u g h t e r  s y s t e m .  
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Ana lys is  o f  L imes tones  and Do lomi tes  
Rap id  chemica l  ana lyses  o f  l imes tones  and do lomi tes  were  per fo rmed on  
a  Perk in  E lmer  Mode l  305A A tomic  Absorp t ion  Spec t roohotometer .  There fo re ,  
the  fo l low ing  d isso lu t ion  techn ique  was adapted  fo r  e lement  de te rmina t ions  
us ing  th is  equ ipment .  
Two grams o f  thorough ly  mixed  sample  i s  p laced  in  a  250 ml  beaker  
and  40  ml  1 :4  HCl  cau t ious ly  added to  d isso lve  the  sample ,  covered  w i th  a  
watch  g lass ,  evapora ted  to  dryness  and red isso lved  in  10 ml  HCl  and  10  ml  
HgO.  Th is  so lu t ion  i s  f i l te red  and the  f i l t ra te  d i lu ted  to  250 m l .  The 
inso lub le  res idue  i s  now leached w i th  5  ml  HNO^,  f i l t e red  and the  f i l t ra te  
d i lu ted  to  100 m l .  The f i l t e r  paper  i s  burned o f f  i n  a p re -we ighed p la t inum 
c ruc ib le ,  coo led  and we ighed.  Th is  mater ia l  i s  repor ted  as  ac id  inso lub le  
res idue .  
The ma jo r i t y  o f  e lements  can  be  ana lyzed  d i rec t l y  w i thou t  d i lu t ion  o f  
the  so lu t ions  us ing  s tandards  ba lanced fo r  the  Ca and  Mg con ten t  o f  the  
samples .  See Tab le  9  fo r  ins t rument  se t t ings  and o ther  necessary  in fo rma­
t ion .  In  a l l  cases  the  upper  concent ra t ion  s tandard  i s  expanded ou t  to  a  
fu l l  sca le  va lue  and a l l  read ings  taken  on  a  char t  recorder .  
Ca and  Mg a re  ana lyzed  by  40X d i lu t ions  w i th  the  add i t ion  o f  2500 ppm 
Sr  as  a  mo lecu la r  suppressant  i n  bo th  samples  and  s tandards .  For  magnes ium 
 ^^  y**—* — « «m /J n w»» -N  ^ O UC ucr i t iM iQu io iO 111 uu  I  VI I I  :  ccb  ,  G cv  ppn;  svouuc iu  i  : )  Z ,c iu  GHO G 
35 ppm s tandard  expanded to  fu l l  sca le .  The samples  read ings  a re  then  
b racke ted  by  s tandards  above and be low.  S imi la r l y  a  0 .0  ppm Mg s tand  and 
a  4  ppm Mg s tandard  a re  used fo r  l imes tone  samples .  The ca lc ium de te rmina­
t ion  i s  done l i kewise  except  tha t  30  ppm Ca i s  zero  suppressed and 50  ppm 
sca le  expanded when ana lyz ing  do lomi tes  and 60  ppm Ca zero  suppressed and 
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90 ppm sca le  expanded fo r  l imes tone  samples .  The reproduc ib i l i t y  o f  th is  
techn ique  has  a  ±0 .5% o r  less  coe f f i c ien t  o f  var ia t ion  fo r  dup l i ca te  
d i lu t ions .  
Tab le  9 .  Ins t rument  parameters  used fo r  carbonate  rock  ana lyses  
E lement  
0 
L i  ne  A Burner  Fue l  O i l .  
Range 
s tds .  
ppm Other^  
Ca 4227 1 Ai r -CgHg 40 x  30-90 2500 ppm Sr  
Mg 2852 1 Ai  r -C^Hp 40 x 0-35  2500 ppm Sr  
Fe  2483 1 Ai r -CpHg ix ,  5x 0-40  Ca,  Mg matched 
A1 3093 1 1  NgO-CgHg IX  0-20 Ca,  Mg matched 
Mn 2800 !  1 A i r -CgHg IX  0 -10  Ca,  Mg matched 
Na 5890 Ai r -cphg IX  0 -10  Ca,  Mg matched 
K 7665 Ai r -CgHg IX  0 -10  Ca,  Mg matched 
Pb 2833 i ! Ai r -cyhg IX  0-2 Ca,  rig, & back  
cor rec t !on  
Cu 3247 
1 !  i 1 Ai  r -CpHp IX  0 -2  Ca,  Mg,  &  back  
cor rec t i  on  
Zn  2193 
1 1 1 ! Ai  r -CpHp IX  0-2 Ca,  Mg,  &  back  
cor rec t i  on  
Sr  4607 ! j ngo-cghg IX  0 -10  Emiss ion  
^A11 read ings  a re  on  char t  recorder  ou tpu t  w i th  b racke t ing  o f  samples  
by  s tandards .  
Commonly  fo r  t race  e lements  i n  low concent ra t ions ,  a  background 
cor rec t ion  i s  necessary  as  an  apparen t  absorp t ion  due to  l i gh t  sca t te r  
g ives  h igher  than  t rue  read ings .  Th is  techn ique  was used fo r  Cu,  Pb ,  and  
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Zn de te rmina t ions ,  by  us ing  a  nearby  nonabsorb ing  wave leng th  fo r  the  
e lement  to  measure  the  sample  con t r ibu t ion  to  the  apparen t  absorbance by  
the  s  ar r .p l  e .  
The phases  ca l  c i  te  and do lomi te  were  quant i ta t i ve ly  de te rmined by  
s tepwise  f i xed  count  in tegra t ion  o f  the  p r inc ipa l  d i f f rac t ion  peak  d^^  ^  
fo r  each  minera l  phase  us ing  X- ray  d i f f rac t ion  (S imon,  i n  p repara t ion) .  
The in tegra ted  va lues  fo r  the  two phases  were  compared  aga ins t  a  s tandard  
curve  p repared  in  a  s im i la r  manner  to  ascer ta in  the  percen t  do lomi te  and 
i s  cor rec ted  fo r  py r i te  and ac id  inso lub le  res idue  con ten t .  The 
reproduc ib i l i t y  o f  th is  technique i s  ±1 .1% fo r  a  s ing le  de te rmina t ion .  The 
py r i te  content  i s  es t imated  f rom the  i ron  con ten t  o f  the  n i t r i c  ac id  leach  
and the  s i l i ca  p lus  c lay  con ten t  f rom the  ac id  inso lub le  res idue .  
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Tab le  10 .  Phys ica l  and  chemica l  da ta  fo r  Ferguson Quar ry  samples  
D-1  D-2 D-3 D-4  D-5  D-6  D-7  
Ca l  c i  te^  2 .4680  0 .1665  0 .0508  0 .0207  0 .0838  0 .1012  2 .4883  
Dolomi  te^  0 .1340  2 .3681  2 .5038  2 .4690  2 .5506  2 .4670  0.0709 
Pyr i  te°  0 .0034  0 .0082  0 .0062  0 .0078  0 .0062  0 .0064  0 .0024  
AIR*'b  0 .0101  0 .0590  0 .0359  0 .0450  0 .0398  0 .0666  0.0085 
AlgO a  0 .0003  0 .0027  0 .0012  0 .0018  0 .0017  0 .0026  0 .0003  
Fe ,03^ 0 .0062  0 .0301  0 .0312  0 .0280  0 .0598  0.0649 0 .0048  
0 .0012  0 .0034  0 .0036  0 .0024  0 .0051  0 .0052  0.0011 
CaO^ 1 .3890  0 .8638  0 .8485  0 .8086  0 .8684  0 .8460  1 .3961  
MgO^ 0 .0535  0 .4544  0.4671 0 .4567  0 .4729  0 .4585  0 .0277  
Nsfna  0 .0006  0 .0021  0 .0019  0 .0021  0 .0016  0 .0014  0 .0004  
0 .0002  0 .0019  0 .0008  0 .0012  0 .0009  0.0016 0 .0001 
COgZ 1 .1529  1 .1868  1 .2055  1.1452 1 .2298  1 .1951  1.1303 
SO3* 0 .0010  0 .0056  0 .0017  0 .0047  0 .0023  0 .0021  0.0009 
Sr (HCl )^  124  128  100 126  102  76 116  
Cu(HCl )^  2 .4  2 .0  0.1  0 .6  1.3  1  .8  2 .6  
Zn(HCl )^  43  105  27  22  39  62  20  
Pb(HCl )^  8 .9  4.3  1 .8  2 .5  4.3  3 .5  10.0  
CufHNO?)^ 3 .4  2 .6  2.4  3 .3  2.1  2 .5  1.1  
ZnfHNOg)^ 83  150  41 60  53  22  34 
PbfHNOg)^ 9 .2  6 .4  4.1  3 .8  2 .2  5.7  3 .7  
Poros i  ty "^  3 .69% 7 .25% 8 .83% 12 .39% 6 .20% 7 .27% 5 .22% 
Bulk  dens i ty^  2 .619  2 .619  2 .604  2 .504  2 .689  2 .651  2 .573  
Gra in  dens i ty^  2 .719  2 .824  2 .856  2 .859  2 .866  2 .859  2.715 
^Grams per  cub ic  cen t imeter .  
^Ac id  Inso lub le  Res idue ,  
^^ar ts  per  mi  11  ion .  
^Vo lume percen t .  
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T a b l e  1 0 .  ( C o n t i n u e d )  
1-2  1 -4  1 -6  1-8  1-10  1-12  1 -14  
Cal  c i  t e^  0 .0242  0 .0685  2 .5329  2 .5797  0 .1888  2 .4951  2 .4461  
Delomi  t e"  2 .3461  2 .4483  0.0714 0 .0374  2 .2958  0.1010 0 .1011 
Pyri  t e^  0 .0069  0 .0088  0 .0027  0 .0024  0 .0084  0 .0039  0 .0027  
0 .0284  0 .0396  0.0057 0 .0035  0 .0440  0 .0057  0.0086 
AlzOgS 0 .0014  0 .0019  0.0002 0 .0002  0 .0023  0 .0002  0.0002 
FezO^a  0 .0356  0 .0323  0.0047 0 .0029  0 .0465  0 .0061  0.0060 
Mn^O^a  0 .0030  0 .0035  0.0010 0 .0012 0 .0043  0.0011 0 .0012 
CsO^ 0 .7821  0 .8377  1 .4985  1 .4295  0 .8393  1 .3930  1 .3636  
MgO* 0 .4381  0 .4659  0 .0339  0 .0229  0 .4973  0 .0432  0.0402 
NagO^ 0 .0019  0 .0021  0.0005 0 .0004  0.0015 0 .0005  0 .0004  
KgO^ 0 .0009  0 .0013  0 .0002  0 .0002  0.0015 0 .0002  0.0002 
COg^ 1 .1143  1 .1816  1 .1566  1 .1610  1.1935 1 .1526  1 .1368  
503*  0 .0039  0 .0060  0 .0007  0 .0004  0 .0089  0 .0000  0 .0008  
Sr(HCl )C 115 101 no  129  89  104  92  
Cu(KCl)^  1.6  2 .2  2 .0  2 .8  2 .3  2.1  1 .5  
Zn(HCl )C 25  17 12  16  19  13  13  
Pb(HCl )C 6 .5  4 .1  8 .8  10 .9  2.0  6 .6  5.2  
CutHNOg)^  2 .2  2 .4  1.2  1 .1  1  .3  1 .4  1 .2  
ZnfHNOg)- 7.7  3 .9  S.Ù 10 .3  14.9  9 .1  15 .3  
PbfHNOj )^  3 .2  4 .5  4 .9  4.4  3 .6  3.3  1  .3  
Porcs i  ty^  15 .56L 9 .51% 3 .60% 3 .22% 10 .05% 4 .16% 6 .00% 
Bulk  dens i ty^  2 .417  2 .581  2 .615  2 .625  2 .558  2 .607  2 .561  
Grain  dens i ty^  2 .862  2 .852  2 .713  2 .712  2 .B44  2 .720  2 .724  
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T a b l e  1 0 .  ( C o n t i n u e d )  
1-15 1-20 2-1  2-4  2-7  2-10 3-2  
Cal  c i  te® 2.5295 2 .5134 0 .2336 0 .1732 0 .1005 2 .4419 0 .6509 
Dolomi  te® 0.0601 0 .0414 2 .3995 2 .4554 2 .4765 0 .0938 1 .9278 
Pyr i  te® 0.0018 0 .0018 0 .0023 0 .0024 0 .0065 0 .0013 0 .0034 
AIR®'b  0.0027 0 .0049 0 .0280 0 .0197 0 .0387 0 .0028 0.0537 
A lzO]*  0.0001 0.0001 0.0014 0 .0010 0 .0016 0 .0002 0 .0022 
FCzOs '  0.0049 0 .0044 0 .0517 0 .0501 0 .0612 0 .0047 0.0171 
0.0015 0 .0012 0 .0050 0 .0047 0 .0047 0.0013 0 .0021 
CaO® 1.4192 1 .4032 0 .9097 0 .9005 0 .8605 1 .3761 0 .9787 
MgO® 0.0236 0 .0200 0.4404 0.4419 0 .4475 0 .0296 0 .3784 
nago^ 0.0004 0 .0004 0 .0016 0.0017 0 .0014 0 .0004 0.0018 
kgo® 0 .0001 0 .0001 0 .0010 0 .0007 0.0010 0.0001 0 .0016 
COg® 1.1408 1 .1262 1 .2289 1 .2336 1 .2049 1 .1241 1 .2074 
so3® 0 .0005 0 .0003 0 .0037 0 .0033 0 .0027 0 .0001 0 .0072 
Sr(HCl )C 135 106 79 89 66 107 115 
Cu(HCl )^  2.3  2 .6  2 .4  1 .7  1 .4  1 .8  0 .7  
Zn(nCl )^  24  11  17  16  17  11  15  
Pb(HCl  11 .1  10.3  0.9  4 .2  2 .5  7 .0  0 .0  
CutHNO])^  0.9  1.0  1 .4  0.8  2.1  1  .0  1 .4  
An lMNUg)  15  15  7 .6  6 .5  9 .7  8 .7  13  
PbfHNOg)^  1 .3  2.2  3.0  2 .0  3 .1  3 .3  2.9  
Poros i  ty *^  4.34^ 5.65 ' i  6.27% 6.70% 7.68% 6.35% 5.75% 
Bulk  dens i ty® 2.596 2 .563 2 .674 2 .660 2 .631 2 .541 2.654 
Gra in  dens i ty® 2.713 2 .712 2 .853 2 .852 2 .849 2 .714 2 .816 
I  lU  
" a b l e  1 0 .  ( C o n t i n u e d )  
3-5  3 -7  3-9  3 -12  3 -14  3-16  3 -18  
Calc i te^  0 .2072  0 .5690  2 .4S12  0 .5246  0 .5796  0 .3904  2 .4688  
uolomicc^ 2 .3445  2 .0423  G.0528  1 .7627  2 .1C51 2 .24C1 0 .0672  
Pyr i te^  0 .0034  0 .0100  0 .0015  0 .0024  : .0C31 0 .0C71 0 .0012  
AIR^'b  0 .0800  0 .0429  0 .0077  C.0379  0 .0424  0 .0565  0 .0067  
AlgOq* 0 .0038  0 .0018  0 .0002  0 .0016  0 .0020  0 .0015  0 .0015  
Fe-Og* 0 .0169  0 .0236  0 .0077  0 .0387  0 .0363  0 .0241  0 .0049  
MnpO]^ 0 .0021  0 .0023  0 .0013  0 .0042  0 .0038  0 .0028  0 .0011  
CaO^ 0 .9002  0 .9918  1 .4005  1 .0383  1 .0368  0 .9569  1 .3761  
MgO-  0 .4321  0 .3862  0 .0389  0 .3669  O.S'OS 0 .4228  0 .0309  
NapO* 0 .0020  0 .0018  0 .0005  0 .0015  0 .0016  0 .0019  0 .0004  
0 .0024  0 .0012  0 .0002  0 .0012  0 .0012  0 .0011  0 .0002  
1 .2039  1 .2110  1 .1368  1 .2467  1 .2410  1 .2271  1 .1233  




Sr(HCl)"  111  103  103  108  103  156  95  
Cu(HCl)C 0 .9  1 .2  2 .3  0 .2  1 .0  1 .0  0 .6  
Zn(HCl)C 15  15  i c  11  13  29  17  
Pb(HCl)C 0 .3  1 .2  6 .3  0 .9  0 .3  0 .0  2 .3  
CutHNGu)^ 0 .8  1 .7  1 .3  1 .3  1 .9  61  0 .8  
"7r> O"" n  o"  "!«" OO ^ z . :  1 r , i '<u  ^  ;  /  .  o  Li  c i  l O  £o  -w 
FbfHNO.)^  2 .8  3 .2  3  i  .  0  
—. « I  d /-  « ^  -T — '  - ' ^oor- '  
r 0 ï" 0 S i Uy D , '-r C' . : 3 . 0. ; -r. T O, : Z  , /  0  /  -  c .  T.  ^  Vv ;  :  0  .  t_  U  /o  
Bulk  dens i :y3  2 .652  2 .673  2 .526  2 .742  2 .743  2 .707  2 .547  
Grain  dens i tv^  2 .235  2 .325  2 .717  2 .220  2 .822  2 .234  2 .715  
T a b l e  1 0 .  ( C o n t i n u e d )  
3-20  3 -23  3-25  4 -3  4-7  4-9  4-11  
Ca l  c i  te*  2 .0800  1 .2755  1 .23S2  0 .8642  0 .3725  2 .4926  0 .4579  
Dol  omi  t e^  0 .4917  1 .4485  1 .4327  1 .7642  2 .2806  0 .0936  2 .1826  
Pyr i  te*  0 .0017  0 .0030  0 .0041  0 .0041  0 .0050  0 .0007  0 .0049  
0.0111 0 .0461  0 .0375  0 .0338  0 .0298  0 .0091  0 .0447  
AI2O3* 0 .0017  0 .0012  0.0010 0 .0012  0.0010 0 .0004  0 .0012  
FezO;*  0 .0161  0 .0427  0 .0428  0 .0215  0 .0251  0 .0052  0 .0277  
' ' '"2^3  0 .0020  0.0051 0 .0043  0 .0023  0 .0025  0 .0010  0.0028 
CaO* 1 .2728  1. i l  49  1 .1129 1 .0522  0 .9573  1.4023 0 .9572 
MgO* 0.1350 0 .2991  0 .2919  0 .3422  0 .4235  0 .0326  0.4164 
NagO^ 0.0005 0 .0007  0 .0008  0 .0016  0 .0020  0 .0007  0.0016 
KgO* 0 .0002  0 .0008  0 .0007  0 .0009  0 .0007  0 .0001  0 .0008  










0 .0004  0 .0008  0 .0005  0 .0028  0 .0042  0 .0003  0 .0018  
92 0 0  21 19?  1  J 5  111 99  
C u ( H C l ) C  0.3  0 .7  0 .6  0 .3  0 .4  1.6  0 .0  
Zn(HCl)C 45 20  8 .5  13 26  10 11  
P b ( H C l ) C  5.2  0 .3  0 .3  1.7  0 .3  5.3  0 .0  
CufHNOj)^  0.7  0 .8  0.7  0 .8  1.2  0 .6  1 .1  
ZnfHNOg)^ 14 10  6 .0  22  9.1  9 .0  10 .0  
P b f H N O j ) ^  3 .6  2 .7  2 .9  2.5  2 .9  2.6  3 .0  
Poros i  t y °  5 .86^ 2 .03^ 3 .07% 4 .75% 4 .73% 4 .27% 4 .83% 
Bulk  dens i ty*  2.568 2 .745  2 .716  2 .675  2  .599  2 .598  2 .697  
Gra in  dens i ty*  2 .749  2 .802  2 .802  2 .808  2 .833  2 .714  2 .834  
112 
T a b l e  1 0 .  ( C o n t i n u e d )  
4-13  4-15  4-17  4-19  4 -22  4 -24  4-28  
Calc i te^  0 .4987  2 .5091  2 .4330  0 .7690  2 .4685  2 .4623  0 .9527  
Dolomi te^  2 .1553  0 .0591  0 .1345  1 .8609  0 .0664  0 .0796  1 .7190  
Pyn tc^  0 .0036  0 .0007  0.0011 0 .0038  0 .0008  0 .0010  0 .0025  
AIR^'O 0 .0328  0 .0075  0.0107 0 .0500  0 .0101  0 .0103  0 .0185  
AlgO,*  0 .0012  0 .0002  0 .0002  0 .0018  0 .0002  0 .0002  0 .0005  
FegOg 0 .0253  0 .G046  0 .0060  0 .0274  0 .0047  0 .0053  0 .0383  
^"2^3  0 .0027  0 .0010  0.0014 0 .0034  0 .0046  0 .0009  0 .0038  
CaO^ 0 .9719  1 .4030  1 .3642  1 .0289  1 .3822  1 .3799  1 .0606  
MgO^ 0.4117 0 .0276  0.0549 0 .3587  0 .0303  0 .0355  0 .3421  
NagO^ 0.0017 0 .0003  0.0009 0 .0014  0 .0005  0 .0006  0.0016 
KgO^ 0 .0007  0 .0001  0 .0001  0 .0012  0 .0002  0 .0002  0 .0005  
COg^ 1 .2447  1 .1330  1.1415 1 .2137  1 .1148  1 .1208  1 .2288  
SO;:  0 .0033  0 .0015  0 .0007  0 .0034  0 .0023  0 .0009  0 .0025  
Sr(HCl)C 94 120  108  100  88  99 96  
Cu(HCl)C 0.0  1 .2  1 .4  0 .4  7 .4  2 .4  1.4  
Zn(HCl )C 18 13  11  14  71  24  22  
Pb(HCl )^  0 .0  6.5  1 .7  2 .2  8 .4  7.2  5 .3  
CutHNO])^  1 .3  0 .4  0.5  0 .8  1 .2  0 .9  1.2  
Zn iHNOg)- 22  13 12  7 .5  4 .  7  13  £ .  9  
Pb'HNOqjC 2 .4  3.1  1 .6  1  .3  3 .5  1 .3  2 .1  
H 
Poros i  t y "  4 .65^ 4 .97% 5.14 : - 4 .86a  5 .99% 5 .89% 4 .22% 
Bulk  dens i ty® 2 .700  2 .580  2 .582  2 .694  2 .551  2 .556  2 .700  
Cv «:3Tr.  r ionr iTw^ 
^ I  SA k l »  •  k *3  i Lf  y  2 .832  2.715 2 .722  2 .832  2 .714  2 .716  2 .819  
1 1 3  
T a b l e  1 0 .  ( C o n t i n u e d )  
4-29  4-31  5-1  5 -4  5 -7  5 -8  5 -11  
Ca lc i te^  2 .3931  2 .4106  0.0477 0 .1815  0.2541 0 .3130  0 .2126  
Dolomi te^  0 .1236  0 .1094  2 .3609  2 .3574  2 .2469  2 .2588  2 .3302  
Pyr i  te^  0 .0011  0.0012 0 .0047  0 .0082  0 .0064  0 .0037  0.0056 
0 .0077 0 .0085  0 .0578  0.0495 0 .0534  0.0501 0 .0381  
AlgO^a 0.0001 0 .0001 0 .0021 0 .0018  0 .0018  0.0014 0 .0009 
FezO;:  0.0049 0 .0074  0.0556 0 .0397  0 .0374  0 .0596  0.0588 
0 .0008  0.0010 0 .0056 0 .0057 0 .0031 0 .0048 0 .0051 
CsO^ 1 .3774  1.3507 0 .7912 0 .8772  0 .8706  0 .8918  0 .8775  
MgO® 0 .0294  0 .0488  0 .4292  0 .4236  0 .4265  0 .4214  0 .4223  
NSgO^ 0 .0004 0 .0004 0 .0017 0 .0020  0.0019 0 .0015  0.0015 
KgO^ 0.0001 0 .0002  0.0015 0 .0012  0 .0013  O.GOlO 0.0006 
COgS 1.1044 1 .1123 1 .1291 1 .1943  1.1664 1 .1963  1 .1799  
SO,:  0 .0003  0.0005 0 .0031  0 .0024  0 .0045  0 .0031  0 .0013  
Sr(HCl)C 95 282  74 63  78  77  74  
Cu(HCl)C 1.5  1  .7  3 .4  3.6  5 .9  0 .9  0 .6  
Zn(HCl )^  13  15  40  43  62  16 18  
Pb(HCl )^  0 .0  0 .6  5 .7  0 .6  0 .0  3.4  3 .4  
CufHNO.)^  1.1  1 .2  2 .6  3.3  3 .9  1 .8  1 .8  
ZnfHNOg)" 7.2  7 .5  39  23  26  12 9 .2  
PbfHNOg)^  5 .7  5 .0  5 .5  6 .5  6 .3  5 .5  4 .7  
Poros i  t y^  6 .83% 6 .89% 13 .55% 8 .86% 9 .52% 7 .61% 9 .27% 
Bulk  dens i ty^  2 .527  2 .532  2 .482  2 .606  2 .574  2 .635  2 .592  
Gra in  dens i ty^  2 .712  2 .720  2 .870  2 .859  2 .844  2 .852  2 .857  
1 1 4  
T a b l e  1 0 .  ( C o n t i n u e d )  
5-14  5-16  5 -17  5 -18  5-21  5 -24  5-26  
Ca lc i te*  0 .2279  2 .4294  2.5106 0 .2400  0 .2694  0.1816 2 .4837  
Dolomi te^  2 .3649  0.1447 0 .0489  2 .3863  2 .3981  2 .4577  0.0458 
Pyr i te^  0 .0047  0.0049 0 .0044 0 .0056  0 .0062  0 .0025  0.0030 
AIR^'b  0.0514 0 .0105 0 .0064  0.0625 0 .0423  0.0443 0 .0078 
0 .0010  0.0002 0 .0003 0 .0020  0.0011 0 .0009 0 .0001 
FCzO]*  0 .0418  0.0051 0 .0036 0 .0540 0 .0560 0 .0514 0 .0026  
0.0044 0 .0010 0 .0009 0 .0052 0 .0057 0 .0044 0 .0010  
CaC^ 0 .8958  1 .3768  1 .3982- 0 .8891  0 .9206  0 .8841  1 .3982  
MgO® 0 .4350 0 .0497  0.0257 0 .4440 0 .4272  0.4600 0 .0156 
Ma^O^ 0 .0016 0 .0004  0.0005 0 .0013 0 .0013 0 .0012 0 .0007 
KgO* 0.0007 0 .0001  0.0001 0 .0012 0 .0005 0 .0006  0.0004 
COg^ 1 .2166  1 .1417  1.1317 1 .2351  1 .2486  1 .2398  1.1121 
SO3 '  0 .0025  0.0003 0 .0008  0.0016 0 .0010 0 .0006 0 .0001 
80  99 100  65 59  51  115 
Cu(HCl )^  0 .5  2 .2  2 .7  0.4  0 .9  0 .4  4 .5  
Zn(HCl )^  19  14  15  37  16  14  17  
Pb(HCl )^  3 .4  3 .4  62  0.0  2 .0  0.0  7 .9  
CufHNOg)^ 2.7  1 .5  1  .0  2 .2  2 .9  1.7  1 .2  
ZnfHNOg)^ 18  6.6  5 .2  9 .8  30 8 .2  4.7  
PbfHNOg)^ 5.5  4 .7  8 .2  4.2  3 .8  3.3  3 .0  
c i  Poros i  t y  6 .73% 4 .73% 5 .12% 5 .52% 4 .66% 5 .76% 6 .14% 
Bulk  dens i ty^  2 .557  2.591 2 .573  2 .702  2.721 2 .690  2 .542  
Gra in  dens i ty^  2 .848  2 .719  2 .712  2 .860  2 .854  2 .854  2 .708  
1 1 5  
T a b l e  1 0 .  ( C o n t i n u e d )  
5-27  5-28  5-30  5-32  5-34  5-35  5-36  
Calc i te^  2 .5092  0.2319 0 .4390  1.0945 2 .1815 2 .4101  2 .4935  
Dolomi  te^  0 .0289  2 .4271  2 .2510  1 .5640  0 .2891  0.0900 0 .0316 
Pyr i  te® 0 .0029  0 .0009  0 .0021  0 .0042  0 .0116  0.0039 0 .0029  
AIR^ 'b  0 .0040  0 .0455  0 .0362  0 .0306  0 .0139  0.0115 0 .0096 
A lgO;*  0 .0002  0 .0012  0.0010 0 .0012  0 .0004  0.0000 0 .0001 
Fe^o /  0 .0027  0 .0609  0 .0669  0.0412 0 .0120 0 .0027 0 .0024 
^ "2^3  
0 .0011 0 .0051 0 .0059 0 .0045 0 .0014 0 .0010  0.0011 
CaO* 1 .4001  0 .8984  0 .9507  1.0756 1 .2711 1 .3763  1 .3930  
MgO* 0.0158 0 .4529  0 .4165  0 .3096  0 .0933  0.0184 0 .0167 
NagO® 0 .0005 0 .0013 0 .0014  0.0010 0 .0005 0 .0003  0.0003 
KgO*  0 .0003  0 .0013  0 .0010  0.0005 0 .0002  0 .0001  0.0001 
COg^ 1 .1186  1 .2431  1 .2512  1 .2304  1 .0947  1 .1020  1.1122 
SO3*  0 .0003  0 .0020  0 .0017  0 .0038  0 .0026  0 .0004  0.0004 
Sr (HCl )C 101 59  70 62  75 100  94  
Cu(HCl )^  2 .3  1.7  1 .8  6.1  5 .6  1 .4  1 .6  
Zn(HCl )C 13  35  28  28  19 15  11  
Pb(HCl )C 7 .9  0 .0  0 .0  2 .8  6.7  5 .7  3 .2  
CutHNOg)^  1 .2  1 .8  1 .9  3 .0  3 .4  1.3  1 .0  
ZnfHNOg)- 8 .9  13 12  52  13 11  6 .3  
PbtHNOg)^ 2 .9  3 .3  1.8  4 .6  6 .4  3.1  1 .7  
Poros i  t y^  5 .96% 4 .91% 3 .83% 3 .59% 8 .35% 7 .06% 6 .31% 
Bulk  dens i ty® 2 .547  2 .713  2 .735  2 .703  2 .502  2 .517  2 .539  
Gra in  dens i ty "  2 .708  2 .853  2.844 2 .804  2 .730  2 .709  2 .710  
1 1 5  
T a b l e  1 0 .  ( C o n t i n u e d )  
5-37  5 -40  5 -42  5 -44  5-48 5-52  6 -2  
Ca l  c i  te^  2.2138 2 .4481 2 .4424 2 .4022 2 .4761 2 .3718 0 .1030 
Dolomi te^  0.2683 0 .0697 0 .0478 0 .0508 0 .0104 0 .0391 2 .3308 
Pyr i  te^  0.0038 0 .0052 0.0050 0.0025 0 .0033 0 .0030 0 .0055 
AIRf 'b  0.0069 0 .0053 0 .0044 0 .0058 0 .0043 0 .0080 0.0275 
A lgOg*  0.0003 0 .0002 0.0002 0.0002 0 .0003 0 .0002 0.0012 
fegos*  0 .0113 0.0051 0 .0028 0 .0030 0 .0021 0.0026 0 .0401 
Mn^Os '  0 .0018 0 .0014 0.0012 0.0008 0 .0012 0.0008 0.0034 
CaO"  1.2626 1 .3730 1 .3699 1.3490 1.3789 i .335û 0 .8139 
MgO^ 0 .1008 0 .0291 0.0172 0.0199 0.0149 0 .0158 0 .4263 
nsgo^ 0 .0004 0.0003 0.0003 0 .0003 0 .0003 0.0003 0 .0021 
kgo*  0 .0001 0 .0009 0.0001 0 .0001 0 .0001 0.0001 0 .0008 
cog^ 1 .1061 1 .1103 1 .0993 1 .0806 1 .0901 1 .0576 1 .1533 
SO3*  0.0006 0 .0017 0 .0003 0.0005 0.0011 0 .0013 0 .0045 
r * /  I  •  m  \  ^  
-7C OC en S I  -7-7  1  nn  0  1 \ i ru i  j ow 
' ' 
É V /  ^  
Cu(HCl )C 4 .5  3 .4  3 .9  3 .8  4 .2  4.3  0 .8  
Zn(HCl )^  13  13  12  12  13  9.8  23 
Pb(HCl )^  5 .5  6.8  5.3  3 .7  11  6 .6  0 .3  
CufHNOg)^  2 .1  2.6  1 .8  1 .6  1 .6  2.0  1.3  
ZnfHNOj )^  17  44  15  15  11  21  11  
PbfHNOg)^  3.0  4 .8  2 .8  5.1  4 .5  3.5  3.9  
Porcs  i  ty*^  8.91% 6.83^ 7.77% 9.22% 7.93% 10.41% 12.94% 
Bulk  dens i ty '  2.495 2 .533 2 .501 2.453 2.497 2 .425 2 .479  
Gra in  dens i ty "  2.739 2 .719 2 .712 2 .713 2 .712 2 .707 2 .847 
1 1 7  
T a b l e  1 0 .  ( C o n t i n u e d )  
5-5  6 -7  6 -8  7 -1  7-2  7-4  7-6  
Ca lc i te^  0 .0186  2 .2156  2 .5253  2 .4495  0 .1648  2 .0360  2 .4837  
Dolomi te^  2 .4934  0.4101 0 .0894  0 .1720  2 .3958  0 .5179  0 .1195  
Pyr i te^  0 .0055  0.0019 0 .0051 0 .0022  0.0010 0 .0029  0.0040 
AIR*'b  0 .0581  0 .0066  0 .0028  0.0053 0 .0648  0 .0095  0 .0097  
AlgO^a 0 .0020  0.0002 0 .0002  0.0003 0 .0020  0.0003 0 .0001 
0 .0309  0 .0124  0.0077 0 .0047  0 .0307  0 .0197  0 .0059  
^"2^3 0.0030 0 .0017 0 .0017  0.0011 0 .0029  0 .0023  0.0011 
CaO* 0 .8325  1.3750 1 .4136  1 .4247  0 .8427  1 .3093  1.4041 
MgO® 0 .4690 0 .0779  0.0365 0 .0350  0 .4728  0 .0829  0 .0389  
NagO* 0 .0024  0 .0006  0.0004 0 .0015 0 .0022  0.0005 0 .0008  
KgO* 0.0015 0 .0002  0 .0002  0 .0003  0 .0016  0 .0002  0.0003 
COg^ 1.1816 1 .1593 1 .1554 1 .1556 1 .1912 1 .1400 1 .1536 
SO3* 0 .0071  0 .0008  0 .0002  0.0009 0 .0038  0 .0003  0.0006 
Sr(HCl)C 104  109 100 103  101 82  97 
Cu(HCl )^  1 .6  1 .0  1 .3  3 .8  3.3  1 .5  6 .0  
Zn(HCl )C 23 12  9 .5  16  16  14  91  
Pb(HCl )^  0 .3  1 .2  6 .7  3 .6  3 .4  2 .4  37  
CutHNOg)^ 1.7  1 .1  1 .9  2 .0  1 .2  1 .3  1  .8  
ZnfHNOg)^ 9.1  12  11  18  15  12  85  
PbfHNOgjC 2.1  2 .3  2 .4  2 .0  2 .9  3 .4  2 .8  
Poros i  t y^  9 .02% 3 .75% 3 .40% 2 .48% 8 .46% 6 .12% 3 .44% 
Bulk  dens i ty^  2 .594  2 .637  2 .624  2 .633  2 .616  2 .568  2 .620  
Gra in  dens i ty '  2 .852  2 .740  2 .716  2 .699  2 .857  2 .736  2 .714  
1 1 8  
T a b l e  1 0 .  ( C o n t i n u e d )  
7-7  7 -9  7-10  7 -13  7 -14  7 -16  7 -18  
Ca l  c i  te^  0 .1175 0.0145 2.4230 2 .4695 0.1500 2.3728 2.5173 
Do lomi  te^  2.3694 2 .3952 0 .1278 0.1423 2.3089 0 .1866 0 .0550 
Pyr i  te^  0 .0071 0.0032 0.0023 0.0046 0.0035 0 .0017 0 .0019 
AIRf'b  0.0504 0.0310 0 .0060 0.0123 0 .0444 0 .0008 0.0061 
AlgO^a 0.0018 0 .0009 0.0000 0.0000 0.0012 0 .0000 0.0000 
FegO;*  0.0336 0 .0369 0.0065 0.0070 g.g492 0 .0058 0 .0058 
Mn^O^a 0.0037 0 .0033 0.0014 0 .0014 0.0043 0.0016 0 .0016 
CaO"  0 .6363 0.7532 1.3991 1.3575 0.8211 1.3576 1.4148 
MgO^ 0.4478 0 .4422 0.0246 0 .0524 0 .4387 0 .0219 0 .0248 
nago^ 0 .0021 0 .0022 0.0004 0.0006 0 .0018 0.0005 0.0004 
KgO* 0.0013 0 .0008 0.0002 0 .0002 0 .0010 0 .0002 0 .0002 
COg* 1.1691 1.1369 1 .1200 1 .1542 1 .1504 1 .1325 1 .1256 
SO3* 0.0052 0 .0040 0.0012 0 .0012 0 .0069 0 .0000 0 .0003 
I - »  /  1  î  1  \  k*  01  ^ r i v  1 /  n  0  1  n o  1 no  go  0 0  1  112 
Cu(HCl )^  2 .4  2.4  1 .7  3.0  3 .0  2.8  2.5  
Zn(HCl )^  37  40 22  20 25  23 10 
Pb(HCl )C 2 .8  0.8  2 .9  29 Û.4  5.6  10 
CufHNOg)^ 3 .1  1 . 8  1.9  2.0  1 . 1  1 .7  1 .7  
ZnfHNOj )^  38 22 20 23 39 13  19  
PbfHNO])^  6.8  3.5  3.2  3.2  2.8  1 . 2  1.8  
Porcs  i  ty*^  10.54^ 14.18% 5.66^ 3.22% 12.16% 5.62% 4.89% 
Bulk  dens i ty® 2.559 2.455 2 .562  2 .632  2.523 2.553 2.582 
Gra in  dens i ty^  2.860 2 .860 2 .715 2 .722 2 .872 2.715 2.715 
T a b l e  1 0 .  ( C o n t i n u e d )  
8-2  8-5  8 -7  8-9  8-11  8-14  8-16  
Calc i te^  0 .0778  0 .0267  2 .0745  2 .5358  0 .0137  2 .4443  2 .4820  
Oolomite^  2 .4650  2 .4963  0 .5435  0 .0682  2 .4373  0 .1125  0 .0603  
Pyr i  t e^  0 .0047  0 .0030  0 .0030  0 .0019  0 .0202  0 .0030  0 .0023  
AIRf 'b  0 .0398  0 .0302  0 .0027  0 .0049  0 .0868  0 .0085  0.0036 
AlgO^a 0 .0010  0.0013 0 .0002 0 .0000  0 .0021  0.0002 0 .0001 
FezO^a 0 .0331  0 .0355  0 .0139  0 .0039  0 .0270  0 .0084  0.0045 
^ "2^3  0 .0031  0 .0032  0.0018 0 .0015 0 .0034  0.0012 0 .0011 
0 .8432  0 .8327  1 .3275  1 .4282  0 .7946  1.3793 1 .3912  
MgO^ 0 .4764  0 .4721  0 .1043  0 .0245  0 .4465  0 .0407  0 .0220  
NagO^ 0 .0023  0 .0022  0 .0007  0 .0004  0 .0034  0 .0007  0 .0004  
KgO^ 0 .0009  0 .0008  0 .0003  0 .0001  0 .0017  0 .0002  0 .0002  
COg* 1 .1920  1 .1833  1 .1715 1 .1461  1 .1818  1 .1272  1 .1241  
S03*  0 .0070  0 .0053  0 .0016  0 .0002  0.0031 0 .0000  0.0011 
Sr(HCl)C 108  10^ 103 ns  100  93 92  
Cu(HCl)^  2 .2  1.9  1  .0  1 .3  2 .8  1.9  1 .3  
Zn(HCl)^  22  20  11 9 .4  21 20  12 
Pb(HCl)^  3 .7  44  2 .9  9 .9  8 .9  6 .9  4.1  
CutHNO^jC 1.7  0 .9  1  .5  1 .4  3 .3  1 .4  0 .9  
ZnfHNO])^  14 15  21  16  26  46  14 
PbfHNOjjC 1.6  1  .5  4 .1  5 .5  12  4 .6  3 .9  
Poros i  ty^  8 .81% 9 .97% 4 .09; :  3 .74% 9 .98% 5 .10% 5 .25% 
Dm lu  ds '^s i  ty  ^  2  5Qi i  2 .570  2 .S2S 2 .612  2 .570  2  57Q 2 .551  
Grain  dens i ty^  2.856 2 .855  2 .740  2 .714  2 .855  2 .708  2 .710  
1 2 0  
APPENDIX C 
1 2 1  
Tab le  11 .  Phys ica l  and  chemica l  da ta  fo r  Randa l l  Quar ry  samples  
RIA R2A R3A R4A R5A R6A R7A 
Ca l  c i  te® 2 .5597  2 .5546  2 .3743  2 .4782  2 .4071  2 .4233  2 .4686  
Dolomi te^  0 .0144 0 .0255  0 .0062  0 .0077  0 .0046  0 .0066  0 .0049  
Pyr i  te® 0 .0003  0 .0005  3 .0002  0 .0002  0 .0001  0 .0002  0 .0003  
0 .0304  0 .0186  0 .0148  0 .0202  0 .0100  0 .0261  0 .0412  
AlgOs*  0 .0006  0.0005 0 .0002  0 .0003  0.0001 0 .0004  0.0007 
Fe,0 /  0 .0046  0 .0063  0 .0021  0 .0046  0 .0018  C.0025  0.0036 
0 .0003  0 .0002  0 .0002  0 .0003  0 .0003  0 .0004  0 .0004  
CaO* 1 .4299  1 .4341  1 .3232  1 .3838  1 .3461  1 .3467  1 .3737  
MgO® 0 .0070  0 .0057  0 .0061  0 .0065  0 .0057  0 .0090  0 .0081  
NagO* 0 .0004  0 .0003  0 .0004  0 .0004  0 .0002  0.0004 0 .0003  
KgO^ 0 .0006  0 .0004  0 .0002  0 .0004  0 .0002  0 .0005  0 .0006  
COg® 1 .1324  1 .1347  1 .0489  1 .0909  1 .0579  1 .0713  1 .0881  
SO3S 0 .0001  0 .0013  0.0001 0 .0001  0 .0001  0.0000 0 .0005 
Sr (HC ] )C 123 117  172  142  133  168  156  
Cu(HCl )C 1.8  1 .1  2 .2  2 .7  2 .2  2.0  1 .7  
Zn(HCl )^  15  9 .6  11 7 .1  11  15  9 .6  
Pb(HCl )C 8 .2  9.5  9 .7  11  8 .1  9 .2  8.7  
CutHNOg)^  1 .2  0 .9  1  .4  3 .4  0.9  0 .8  1.5  
ZnlHNOgj^ 19 15  15  - -  20  10 9 .8  17 
PbfHNOg)^ 2 .8  3.9  3 .6  2 .8  2.5  1 .8  2 .  5  
Poros i ty^  3 .73% 3 .95% 11 .26^ 7 .46^ 10 .43^ 9 .10^ 6 .97% 
Bulk  dens i ty® 2 .607  2 .603  2 .397  2 .508  2 .423  2 .458  2 .518  
Gra in  dens i ty® 2 .708  2 .710  2 .702  2 .710  2 .705  2 .705  2 .708  
^Grams per  cub ic  cen t imeter .  
°Ac id  Inso lub le  Res idue .  
^Parts  per  mi  11  ion .  
H 
"Vo lume percen t .  
122 
T a b l e  1 1 .  ( C o n t i  n u e d )  
R8A RIB R2B R3B R4B R5B R6B 
Cal  c i te^  0 .1332  2 .5532  2 .5551  2 .2701  2 .5364  2 .5023  0 .0672  
Dolomi  t e^  2 .5906  0 .0100  0 .0074  0 .0048  0 .0028  0 .0053  2 .6635  
Pyr i  t e^  0 .0006  0 .0001  0.0001 0 .0002  0 .0003  0 .0002  0 .0002  
AIR^'°  0 .0197  0 .0259  0 .0076  0 .0152  0 .0172  0 .0049  0 .0147  
0 .0004  0 .0008  0.0005 0 .0003  0 .0003  0 .0002  0 .0006  
FegO,:  0.0060 0 .0033  0 .0028  0 .0026  0 .0028  0 .0027  0.0114 
Mn^Os 0.0007 0 .0002  0 .0002  0 .0002  0 .0003  0.0004 0 .0008  
CaO^ 0 .9278  1.4234 1 .4325 1 .2618  1.4129 1 .3957  0 .8563  
MgO^ 0.5006 0 .0078  0.0056 0 .0067  0 .0067  0 .0076  0 .5349  
NagO* 0 .0026  0 .0005  0 .0003  0 .0003  0 .0002  0 .0003  0.0012 
KgO^ 0 .0006  0 .0006  0 .0004  010003  0 .0003  0 .0002  0 .0004  
COg* 1 .2915  1 .1286  1 .1223  1 .0041  1.1184 1 .1016 1 .3292  
SO3* 0 .0041  0 .0002  0 .0013  0 .0008  0 .0024  0 .0007  0 .0029  
Sr(nCl  )  ^  135 125  1 Go  1  oc 12o  1  30  00  
Cu(HCl)C 0 .4  2 .4  1.6  1  .6  4 .0  2.4  2 .2  
Zn(HCl)^  13 24  11  15  16  13  9 .2  
Pb(HCl)^  3.8  8 .7  6 .0  1 1  ( i  8.1  9 .0  4 .0  
CufHNOg)^ 1.5  0 .8  1 .  :  0 .8  1.3  2 .1  1 .1  
ZnfHNOg)^ 11 16  12  31  9 .7  12  9 .9  
PbfHNOg)^ 4.1  2 .7  0 .5  2 .3  1.4  1  .6  0 .7  
-  . .  d  Poros"!  ty  2 .46^ 4 .31% 4 .94^ 15 .29^ 5 .38^ 7 .15^ 3 .16% 
Bulk  dens i ty^  2 .755  2 .592  2 .574  2 .293  2 .562  2 .515  2 .753  
Grain  dens i ty^  2 .825  2 .705  2 .708  2 .706  2 .707  2 .709  2 .842  
1 2 3  
T a b l e  1 1 .  ( C o n t i n u e d )  
R73 R8B RIC R2C R3C R4C R5C 
Ca lc i te*  0 .0424  0 .0834  2 .4894  2 .5693  2 .4961  0 .0928  0 .0825  
Dolomi te^  2 .6587  2 .6603  0 .0072  0 .0095  0 .0156  2 .5599  2 .5793  
Pyr i  te^  0 .0002  0 .0006  0 .0002  0 .0002  0 .0004  0 .0002  0 .0002  
AIR*'°  0 .0373  0.0171 0 .0303  0 .0191  0 .0213  0 .0726  0 .0349  
AlgO]*  0 .0011  0 .0007  0 .0008  0 .0001  0 .0003  0 .0018  0.0019 
^=203*  0 .0130  0 .0069  0 .0053  0 .0040  0 .0042  0 .0377  0 .0164  
MngO^a C.0007  0 .0007  0 .0003  0 .0003 0 .0003  0 .0009  0 .0007  
Cau^  0 .8595  0 .9239  1 .3834  1 .4344  1.4000 G.3741 0 .8257  
MgO^ 0 .5403  0 .5113  0 .0078  0 .0064  0 .0003  0 .4854  0 .5277  
NagO^ 0 .0016  0 .0023  0 .0003  0 .0002  0 .0003  0 .0018  0 .0014  
KgO^ 0 .0009  0 .0006  0 .0008  0 .0002  0 .0003  0 .0010  0 .0017  
COgZ 1 .2891  1 .3050  1 .1106  1 .1335  1 .1075  1 .2555  1 .2923  
SO3'  0 .0021  0 .0057  0 .0010  0 .0011  0 .0009  0 .0014  0 .0016  
çv . /"ur " ]  ^  C  £ .39  1  09  mj8  inc  115 42  
Cu(HCl )^  0 .6  0.3  2 .7  2 .2  8 .5  0.5  5 .2  
Zn(HCl )^  5 .9  7 .1  8 .8  12 5 .6  7.6  25  
Pb(HCl )C 1 .9  2 .8  9.4  11  6 .7  0 .3  0 .3  
CutHNOg)^ 1.2  0 .9  0 .9  1  .3  0 .7  1 .1  1 .2  
ZnfHNO?)^  6 .1  6 .6  7 -2  6 .9  4.3  4 .4  53  
PbtHNOg)^ 2 .2  2 .4  i .  6  1  .6  0 .6  3.3  4 .2  
Poros i  t y^  3 .38^ 1 .80^ 6 .55^ 4 .02^ 6 .42% 3 .82% 4 .77% 
Bulk  dens i ty® 2 .746  2 .776  2 .531  2 .600  2 .536  2 .733  2 705 
Gra in  dens i ty® 2 .842  2 .827  2 .708  2 .709  2 .710  2 .841  2 .841  
1 2 4  
T a b l e  1 1 .  ( C o n t i n u e d )  
R6C R7C RSC RIDL RIDD R2D R3D 
Ca l  c i  te^  0 .  . 1 3 2 1  0 .  . 0501  0 .  . 2322  2 .  , 4923  0 .  J330  2 .  5760  2 .  6119  
Dolomi  te^  2 ,  . 6020  2 .  . 6412  2 .  . 3857  0 .  , 0118  2 ,  , 2633  0 .  . 0031  0 .  , 0047  
Pyr i  te^  0 ,  . 0001  0  . 0001  0 ,  . 0002  0 ,  . 0001  0 .  , 0001  0 .  , 0002  G .  , 0002  
A I R ^ ' b  0 ,  . 0335  0 ,  . 0182  0 ,  . 0192  0 ,  . 0523  0 .  , 0995  0 .  0482  0 .  , 0172  
A l , 0 ^ 3  0  . 0009  0  . 0008  0  . 0006  0 ,  . 0012  0 .  . 0029  0 ,  . 0005  0 .  . 0004  
FezO^ a  0  . 0108  0  . 0073  0  . 0054  0 ,  . 0034  0 .  . 0173  0 .  . 0042  0 ,  . 0029  
0  . 0 0 0 7  0  . 0n06  0  . 0006  0  . 0002  0  . 0006  0 ,  . 0004  0  . 0003  
CaO- 0  . 9122  c  . 8816  c  . 9 0 5 5  1  , 3 8 8 0  G . 8109  .4292  1  . 4 5 4 1  
MgO* 0  . 5 1 5 7  0  . 5 1 7 8  0  . 4688  0  . 0104  0  . 4363  0  . 0097  0  . 0084  
NagO^ 0  . 0015  0  . 0021  0  . 0023  G . 0006  0  . 0023  0  . 0003  0  . 0004  
KgO^ 0  . 0008  0  . 0007  0  . 0006  0  . 0011  c  . 0023  0  . 0004  0  . 0005  
COg:  1  . 2952  1  . 2867  1  . 2363  1  . 1033  1  . 1345  - .  IJuO 1  i  . 1521  
SO.^  G . 0008  0  . 0039  0  . 0040  0  . 0018  0  .0048  Q  0035  r\ V  .  Oui  8  
n  ^I » \  ^
O f  1  I  o  I  /  
Cu(HCl)C 
Zn(HCl)C 




Poros i  t y ' ^  
Bu lk  dens i ty '  
m " I  
Gra in  dens i ty  
2 .1  1  .4  1 .2  
CO CM 
1.^  2 .9  ^.  8  
52 41  26  35  28  13  16  
6 .8  5 .0  2 .9  13  6 .B  11  25  
2 .0  1 .9  1 .6  0 .8  1.^  1  .7  1  .7  




6 .2  3.1  2 .6  7 .5  8 .9  3 .2  
1 .79% 3 .93% 6 .18% 5 .26% 10 .99% 2 .71% 2 .56% 
2 .773  2 .720  2.648 2 .563  2.512 2 .635  2 .639  
2 .823  2 .831  2 .822  2 .706  2 .822  2 .709  2 .708  
1 2 5  
T a b l e  1 1 .  ( C o n t i n u e d )  
R4D R5D R5D R7D R8D RL ^  
Calc i te^  0 .0304  0 .1020  0 .0504  0 .0451  0 .0994  2 .6404  0 .6710  
Dolomi  t e^  2 .5225 2 .5479  2 .6462  2 .6101  2 .6247  0 .0085  1 .9192  
Pyr i  t e^  0 .0002  0 .0002  0 .0001  0 .0001  0 .0003  0 .0027  0 .0002  
0J428  0 .0764  0 .0122  0 .0341  0 .0227  0 .0190  0 .0537  
AlgO, :  0 .0058  0 .0020  0 .0005  0 .0013  0 .0009  0 .0003  0 .0017  
FezOs'  0 .0158  0 .0083  0 .0062  0 .0073  0 .0083  0 .0019  0 .0084  
MngOg* 0 .0005  0 .0007  0 .0006  0 .0006  0 .0006  0 .0005  Û.0006  
CaO^ C.8388 G.8893  C.8977 V •  OOO h- G.9438 i  .  -T /  U 0 0 .9895  
Mgû^ 0 .4912  0 .4990  0 .5127  0 .5075  0 .4909  0 .0075  0 .3886  
NagO^ 0 .0023  0 .0019  0 .0025  0 .0022  0 .0024  0 .0002  0 .0020  
KgO^ 0 .0044  0 .0016  0 .0006  0.001 i  0 .0008  0 .0004  0 .0014  
COg^ 1 .2098  1 .2549  1 .2819  1 .2572  1 .2836  1 .1689  1 .2060  
SO3* 0 .0048  0 .0031  0 .0035  0 .0039  0 .0043  0 .0006  0 .C029  
c  v . ' ' un  C 1  n:; 191  1  nn  90  ?' 
Cu(HCl)C 3.7  2 .8  1 .4  2 .4  1  .8  1 .5  1 .7  
Zn(HCl)C 28 51  15  26  17  8 .2  17 
rb(HCl)C 4 .9  5.4  3 .2  9 .^  5 .1  11  4 .2  
CufHNOg)^ 2 .8  2.2  2 .0  1 .4  2 .0  1.1  1 .4  
Zn (HNO_) - 36  72  32  15  22  15 77  
PbtHNO^)" 7.2  5 .2  5.4  6 .3  7 .G 1 .7  3 .0  
Pcros i  t y^  3 .89% 3 .09^ 4 .03^ 4 .42% 2 .32% 1 .46% 5 .08% 
Bulk  dens i ty^  2.717 2 .738  2 .719  6  .  /  U  1 2 .759  2 5^72 2 .555  
Grain  dens i ty"  2 .827  2 .824  2 .833  2 .826  2 .824  2 .713  2 .798  
